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Foreword 


The world is facing unprecedented social, environmental and economic 
challenges that will require policymakers, business, scientists and citizens 
to open up to one another and find new ways of collaborating. In our dig- 
ital age, we are reinventing the way knowledge is produced, distributed 
and acted upon. And an approach based on citizen science will be part of 
this new relationship between science and society. 

The current increase in citizen science shows clearly the societal 
desire to participate more actively in knowledge production, knowledge 
assessment and decision-making. At the same time, scientists, research 
organisations and research funders are discovering the benefits of open- 
ing research to society by actively collaborating with citizens. There has 
been a significant rise in public participation in research in recent times, 
with citizens becoming engaged in the process of knowledge co-creation. 
This is not just a passive role, but actively setting the agenda, crowdsourc- 
ing via web platforms, and collecting and analysing a broad spectrum of 
scientific data. To invent new innovative ways to tackle societal challenges 
we need to involve those most affected — the citizens themselves. 

I very much welcome these developments. The Commission is sup- 
porting them through its Open Science Agenda as well as through actions 
funded under the EU’s Horizon 2020 framework programme. The recent 
‘Lab — Fab — App’ report on maximising the impact of EU research and 
innovation recommended greater mobilisation and involvement of citi- 
zens in future EU research and innovation programmes through stimulat- 
ing co-design and co-creation. 

This book brings together some of the key insights into citizen 
science, highlighting what is already happening and exploring its poten- 
tial to create new forms of knowledge generation, transfer and use and to 
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foster the civic engagement of science. As a part of the open science 
agenda, citizen science contributes to the idea of a more innovative, inclu- 
sive, future-oriented and democratic Europe. 


Carlos Moedas 
European Commissioner for Research, Science and Innovation 


FOREWORD 


Preface 


Citizen science is becoming a global movement. Although there is a long 
history of co-operation between members of the general public and pro- 
fessionals, only now are its social benefits and transformative power the 
subjects of political and scientific debates. Citizen science is growing as a 
network of different players and is undergoing a self-identification pro- 
cess, making itself known in discussions about quality criteria, the role 
of the humanities, and its relationship to the concepts of Responsible 
Research and Innovation (RRI) and open science. 

Our normative idea of citizen science encompasses democratic gov- 
ernance in Europe and the rest of the world relying on the informed deci- 
sions of its citizens and the shared understanding of science as one if its 
foundation — a contribution especially valuable given struggles to iden- 
tify shared meanings for Europe and global citizenship. 

One part of the evolution of citizen science, like other movements, 
involves the desire to gain legitimacy, and one way to achieve this is 
through institutionalisation. The European Citizen Science Association 
(ECSA), Citizen Science Association (CSA) based in United States, and 
Australian Citizen Science Association (ACSA), as well as national net- 
works in countries including Germany, New Zealand, China and Austria, 
are transitioning from lose networks to legal entities. The self-reflection 
taking place within the citizen science community is also increasing, as 
shown by the increasing amount of research conducted on citizen science 
and its impacts. Citizen science is not only institutionalising, but profes- 
sionalising. Practitioners exchange experiences, tips and tricks, but also 
consider societal and political impacts: What do the participants — citizens 
and scientists — learn? Do their attitudes and routines change? How does 
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citizen science impact policy? Does citizen science impact the innovative 
potential of a society, and how can this be measured? 

Another characteristic of a movement is the process of developing a 
self-identity and joint understanding — in this case, of citizen science. One 
example of this identity forming is demonstrated by the Ten Principles of 
Citizen Science developed by the ECSA principles group, chaired by Lucy 
Robinson (Robinson et al. in this volume), and translated into more than 
20 different languages. As citizen science associations, we aim to promote 
sustainability through citizen science, build competence centres for citi- 
zen science and develop participatory methods for co-operation, empower- 
ment and impact. 

Our vision is for citizen science to advance its integrative power, to 
develop tools and find resources to approach and integrate marginalised 
groups, and for the concerns and findings of citizens to be taken seriously 
by different scientific communities and in the political arena. 


Katrin Vohland, Claudia Gobel, ECSA, Jennifer Shirk, CSA & 
Jessie Oliver, ACSA 


European Citizen Science Association 
(ECSA https://ecsa.citizen-science.net/) 


Citizen Science Association based in United States 
(CSA http://citizenscience.org/) 


Australian Citizen Science Association 
(ACSA https://csna.gaiaresources.com.au/) 


PREFACE 


Acknowledgements 


The process of scoping, writing and compiling diverse perspectives for this 
volume has been a rewarding and inspiring journey for all involved. This 
volume brings together the diverse perspectives of 121 authors including 
researchers from the natural, social and computational sciences, educa- 
tors in formal and informal contexts, policy experts and policymakers as 
well as non-governmental organisations (NGOs). These authors span 16 
countries and represent 82 organisations. We sincerely thank all authors 
for joining this stimulating journey of the production of this volume and 
for the many discussions throughout the process. We are also indebted to 
the many hundreds of volunteers as well as project managers and policy 
advisers who have engaged in the citizen science projects presented in this 
volume. The case studies, we believe, help to ground the more theoreti- 
cal perspectives and offer concrete examples of research in action. We 
hope that this book will inspire continued dialogue on the intersections 
of citizen science and policy. 

We also thank our reviewers, who lent their scientific expertise and 
practitioner experience to enhance all chapters in this book. We are grate- 
ful to Chris Penfold and to the excellent support staff at UCL Press for 
helpful advice and encouraging guidance. A very special thanks goes to 
Madeleine Hatfield as our editor for fantastic improvements to the flow 
of the text and to Olaf Herling for the professional graphic design and for 
re-drawing some of the figures. Without the efforts of a wide range of 
collaborators, this synthesis would not have been possible. 

This volume developed out of a productive international confer- 
ence by the European Citizen Science Association (ECSA) and the Ger- 
man ‘Citizen create Knowledge — Knowledge creates Citizens’ (GEWISS) 


capacity-building programme in May 2016 under the title ‘Citizen 
Science — Innovation in Open Science, Policy and Society’, organised by 
some of the editors and authors of this volume in Berlin. The ECSA con- 
ference which attracted over 360 participants from more than 240 
organisations and 30 countries allowed for rich and fruitful discussions 
on key topics from science and policy with keynotes and panel sessions, 
interactive workshops and a marketplace with posters. In addition, a 
ThinkCamp and a range of live demonstrations that included robots and 
hacking and presentations of local Berlin grassroots science fostered 
discussions. The European Citizen Science Association (ECSA) fosters a 
vibrant citizen science community across Europe and works closely with 
its partner organisations Citizen Science Association (CSA) and Australian 
Citizen Science Association (ACSA). Members from all organisations have 
actively contributed to this volume. 

Funding for the conference was provided by the German Research 
Foundation (DFG grant agreement No BO 1919/2-1) and over 24 inter- 
national partner organisations from science and policy: 

Helmholtz Centre for Environmental Research (UFZ); German 
Centre for Integrative Biodiversity Research (iDiv) Halle-Jena-Leipzig; 
Friedrich-Schiller-Universitat Jena; Museum fiir Naturkunde Berlin; 
Berlin-Brandenburg Institute of Advanced Biodiversity Research (BBIB); 
Wissenschaft im Dialog; Center for Ecology & Hydrology (CEH); Muséum 
National d’Histoire Naturelle Paris; Museum for Natural History London; 
Museo di Storia Naturale della Marremma; Fondazione Grosseta Cultura; 
University College London (UCL); Austrian Federal Ministry of Education, 
Science and Research (BMBWEF); Leibniz-Institute of Freshwater Ecology 
and Inland Fisheries (IGB); Leibniz-Institute for Zoo and Wildlife (ZW); 
Leibniz Centre for Agricultural Landscape Research (ZALF); EarthWatch 
Institute; Zoological Research Museum Alexander Koenig; Haus der 
Zukunft/Futurium Berlin; Helmholtz-Gemeinschaft; Irstea; British Eco- 
logical Society (BES); Science Hack Day Berlin. The ThinkCamp was spon- 
sored by Writelatex Limited. 

The German DFG grant also supported the development of this 
book. The GEWISS project was funded by the German ministry of educa- 
tion and research (BMBF grant agreement No 01508444). Further sup- 
port for the development of this volume was provided through funding 
from the European Union’s Horizon 2020 research and innovation pro- 
gramme under grant agreement No 709443 - Doing It Together Science 
(DITOS) and grant agreement No 6417 - ECOPOTENTIAL. Anne Bows- 
er’s contributions were supported by the Alfred P. Sloan Foundation. 


ACKNOWLEDGEMENTS 


The editors have used their best endeavours to ensure URLs provided 
for external websites are correct and active at the time of going to press. 
The publisher has no responsibility for websites and cannot guarantee that 
contents will remain live or appropriate. 


Susanne Hecker 

Helmholtz Centre for Environmental Research — UFZ 
German Centre for Integrative Biodiversity Research (iDiv) 
Halle-Jena-Leipzig, Germany 


Mordechay (Muki) Haklay 
UCL, UK 


Anne Bowser 
Woodrow Wilson International Center for Scholars 
Washington, DC, US 


Zen Makuch 
Imperial College London, UK 


Johannes Vogel 
Museum fiir Naturkunde Berlin 
Humboldt University, Berlin, Germany 


Aletta Bonn 

Helmholtz Centre for Environmental Research — UFZ 
Friedrich Schiller University Jena 

German Centre for Integrative Biodiversity Research (iDiv) 
Halle-Jena-Leipzig, Germany 


ACKNOWLEDGEMENTS 


xi 


Contents 


1 


List of figures 
List of tables 
List of contributors 


Innovation in open science, society and policy — setting 
the agenda for citizen science 

Susanne Hecker, Muki Haklay, Anne Bowser, Zen Makuch, 
Johannes Vogel and Aletta Bonn 


PARTI Innovation in citizen science — setting the scene 


2 


3 


4 


Ten principles of citizen science 
Lucy Danielle Robinson, Jade Lauren Cawthray, 
Sarah Elizabeth West, Aletta Bonn and Janice Ansine 


Scientific impacts and innovations of citizen science 
Jennifer L. Shirk and Rick Bonney 


Participatory citizen science 
Muki Haklay 


Technology infrastructure for citizen science 
Peter Brenton, Stephanie von Gavel, Ella Vogel and 
Marie-Elise Lecoq 


Evaluating citizen science: Towards an open framework 
Barbara Kieslinger, Teresa Schäfer, Florian Heigl, Daniel 
Dorler, Anett Richter and Aletta Bonn 


xxiii 


27 


41 


52 


63 


81 


xiii 


xiv 


PART II Innovation in science with and for society 


7 Watching or being watched: Enhancing productive 
discussion between the citizen sciences, the social sciences, 
and the humanities 
Dana Mahr, Claudia Gobel, Alan Irwin and Katrin Vohland 


8 The value of indigenous and local knowledge as 
citizen science 
Finn Danielsen, Neil D. Burgess, Indiana Coronado, 
Martin Enghoff, Sune Holt, Per M. Jensen, Michael K. Poulsen 
and Ricardo M. Rueda 


9 Citizen engagement and collective intelligence 
for participatory digital social innovation 
Jasminko Novak, Mathias Becker, Francois Grey and Rosy 
Mondardini 


10 Creative collaboration in citizen science and the evolution 
of ThinkCamps 
Margaret Gold and Erinma Ochu 


11 Integrating citizen science into university 
Daniel Wyler and Muki Haklay 
PARTIIA Case studies 


12 Citizen science on the Chinese mainland 
Chunming Li 


13 The European citizen science landscape — a snapshot 
Susanne Hecker, Lisa Garbe and Aletta Bonn 


14 Stakeholder engagement in water quality research: 
A case study based on the Citclops and MONOCLE projects 
Luigi Ceccaroni and Jaume Piera 


15 Global mosquito alert 
John R.B. Palmer, Martin Brocklehurst, Elizabeth Tyson, 
Anne Bowser, Eleonore Pauwels and Frederic Bartumeus 


PART III Innovation at the science-policy interface 


16 Citizen science for policy formulation and implementation 
Susana Nascimento, Jose Miguel Rubio Iglesias, 
Roger Owen, Sven Schade and Lea Shanley 


CONTENTS 


99 


110 


124 


146 


168 


185 


190 


201 


210 


219 


17 Citizen science and Responsible Research and Innovation 241 
Melanie Smallman 


18 Conservation outcomes of citizen science 254 
Heidi L. Ballard, Tina B. Phillips and Lucy Robinson 


19 Capacity building in citizen science 269 
Anett Richter, Daniel Dorler, Susanne Hecker, Florian Heigl, 
Lisa Pettibone, Fermin Serrano Sanz, Katrin Vohland and 
Aletta Bonn 


20 Citizen science in environmental protection agencies 284 
Roger P. Owen and Alison J. Parker 


PARTIV Innovation in technology and environmental monitoring 


21 Citizen science technologies and new opportunities 
for participation 303 
Suvodeep Mazumdar, Luigi Ceccaroni, Jaume Piera, Franz 
Holker, Arne J. Berre, Robert Arlinghaus and Anne Bowser 


22 Maximising the impact and reuse of citizen science data 321 
Jamie Williams, Colin Chapman, Didier Guy Leibovici, 
Grégoire Lois, Andreas Matheus, Alessandro Oggioni, Sven 
Schade, Linda See and Paul Pieter Lodewijk van Genuchten 


23 Enhancing national environmental monitoring through 
local citizen science 337 
Hester Volten, Jeroen Devilee, Arnoud Apituley, Linda Carton, 
Michel Grothe, Christoph Keller, Frank Kresin, Anne Land- 
Zandstra, Erik Noordijk, Edith van Putten, Jeroen Rietjens, 
Frans Snik, Erik Tielemans, Jan Vonk, Marita Voogt and 
Joost Wesseling 


24 Citizen science to monitor light pollution — a useful tool 
for studying human impacts on the environment 353 
Sibylle Schroer, Christopher C.M. Kyba, Roy van Grunsven, 
Irene Celino, Oscar Corcho and Franz Holker 


PART V_ Innovation in science communication and education 


25 Science for everybody? Bridging the socio-economic gap 
in urban biodiversity monitoring 369 
Taru Peltola and Isabelle Arpin 


CONTENTS 


xvi 


26 


27 


28 


29 


30 


Learning and developing science capital through 
citizen science 

Richard Edwards, Sarah Kirn, Thomas Hillman, Laure 
Kloetzer, Katherine Mathieson, Diarmuid McDonnell 
and Tina Phillips 


Children and citizen science 
Karen E. Makuch and Miriam R. Aczel 


Turning students into citizen scientists 
John Harlin, Laure Kloetzer, Dan Patton, Chris Leonhard 
and Leysin American School high school students 


Citizen science and the role of natural history museums 
Andrea Sforzi, John Tweddle, Johannes Vogel, Grégoire Lois, 
Wolfgang Wägele, Poppy Lakeman-Fraser, Zen Makuch and 
Katrin Vohland 


Stories can change the world — citizen science 
communication in practice 

Susanne Hecker, Monique Luckas, Miriam Brandt, Heidy 
Kikillus, Ilona Marenbach, Bernard Schiele, Andrea Sieber, 
Arnold J.H. van Vliet, Ulrich Walz and Wolfgang Wende 


Conclusions 


31 


Citizen science to foster innovation in open science, 
society and policy 

Aletta Bonn, Susanne Hecker, Anne Bowser, Zen Makuch, 
Johannes Vogel and Muki Haklay 


References 
Index 


CONTENTS 


381 


391 


410 


429 


445 


465 


485 
527 


List of figures 


1.1 


2.1 


4.1 
4.2 
5.1 


5:2 
5.3 
5.4 
6.1 


8.1 


8.2 


Global network of contributing authors to this volume (lines 
indicate connections between co-authors) 10 
The Museo di Storia Naturale della Maremma (Natural History 
Museum of Maremma, Italy) displays the Ten Principles of Citizen 
Science in their ‘Citizen Science Corner’ gallery to inspire visitors 


to participate in local projects. (Source: © Andrea Sforzi) 31 
Levels of participation in citizen science (Haklay 2013) 54 
OpenStreetMap contributions (Wood 2014) 57 


A conceptual model for a digital information supply chain 
(Source: Icon made from http://www.onlinewebfonts.com/icon 


fonts is licensed under CC BY 3.0) 66 
Website Atlas of Living Australia 73 
Website Global Biodiversity Information Facility France 76 
Website National Biodiversity Network, UK 78 
Methodological approach to developing the evaluation 

framework 85 


Tuno (Castilla tunu) has a fibre-rich bark. It is important for 
crafting clothing, bags and rope, among other things, in the 
Bosawás Biosphere Reserve, Nicaragua. The tree grows 

more than 25 metres tall and is rich in latex but, in contrast to 

the related species (Castilla elastica) also found in the area, 

the Tuno-latex does not have elastic properties. (Source: 

Sune Holt) 116 
Signs of the Nine-banded Armadillo (Dasypus novemcinctus) 
showing disturbed leaf litter, twigs and small holes, where ants, 
termites and other insects have been dug out. (Source: 

Sune Holt) 117 


xvii 


xviii 


8.3 


8.4 


9.1 


9.2 


9.3 


9.4 


9.5 


9.6 


9.7 


9.8 


10.1 


10.2 


A Miskito community member recording his sightings and signs 
of plants, birds and mammals in the Bosawas Biosphere Reserve, 
Nicaragua. (Source: Sune Holt) 118 
Relationship between focus groups’ statements of abundance of 
10 plant, bird and mammal forest resources and the average 
abundance indices (number of individuals observed per hour, 
with SE) of the same resources obtained by trained scientists’ 
transect walks between 2007-2009 at nine study sites in the 
Bosawas Biosphere Reserve, Nicaragua. Experienced community 
members’ perceptions of forest resources, transmitted orally 
during focus group discussions, matched results from line 
transects by scientists. (Source: Danielsen et al., “Testing Focus 


Groups’, 2014) 119 
Hybrid LetterBox (Source: Matthias Steffen) 128 
Example storyboard as user-centred design technique 133 
Architecture of the CHEST Enhanced Environment for Social 
Tasks 135 
CHEST bottom-up problem selection and solution generation 
process 137 
Citizen engagement methods applied by CHEST-supported 
projects 138 
Co-design workshop in the TransforMap project. (Source: 
transformap.co) 139 
End-user test session in Project99/AyeMind. (Source: We Are 
Snook Ltd) 139 
Sensor for traffic monitoring. (Source: http://www.magenta 
lab.it/) 140 


The Citizen Cyberscience Summit ThinkCamp 2014, 

London England. Image A — Ian Marcus of the Centre for 
Research and Interdisciplinarity, Paris, introducing the 
SynBio4All Challenge during the ‘Elevator Pitches’. Image 

B — Jesse Himmelstein of the Centre for Research and 
Interdisciplinarity, Paris, working with fellow participants 

on the RedWire.io Challenge. (Sources: Margaret Gold, 

CCBY) 156 
The Citizen Cyberscience Summit Hack Day 2012, London UK: 
Image C — Leif Percifield of Newell Brands presenting the 
outcomes of the Air Quality Egg challenge at the Show & Tell. 
Image D - Louise Francis of Mapping for Change and UCL ExCiteS 
taking the audience vote, with a noise metre held aloft, for prizes 
to be won. (Sources: Cindy Regulado, CCBY) 157 


LIST OF FIGURES 


10.3 


12.1 


13.1 


13.2 
13.3 


13.4 
13:5 
13.6 
13.7 
13.8 
13.9 


14.1 


14.2 


15.1 


15.2 


16.1 


16.2 


The ECSA citizen science ThinkCamp 2016, Berlin Germany: 
Image E —- The ECSA Inclusivity Challenge poster (Photo credit: 
Margaret Gold, CCBY). Image F - The ECSA ThinkCamp 
participants in working groups alongside the related challenge 


posters (Source: Florian Pappert, CCBY) 160 
Participatory soundscape sensing online analysis and 
visualisation website 188 
Distribution of projects from the European Citizen Science 
Survey 2017 192 
Primary discipline of citizen science projects 193 
Level of engagement in European citizen science projects 
(according to Shirk et al. 2012) 194 
Citizens’ involvement within citizen science projects 195 
Outputs of citizen science projects 195 
Funding received by citizen science projects 196 
Challenges for citizen science projects 197 
Areas of perceived impact of citizen science projects 198 
Possible impacts of citizen science projects on policy 
decision-making 198 


Understanding and engaging decision-makers and the public 

in their lifecycle. Public engagement with science motivates the 
design of programmes for people in many different roles who 
make choices that help shape socio-technological futures and 
also influence the choices of others. (Source: Worthington et al. 
2012) 202 
Citclops’ data acquisition, validation (quality assurance and 
control, QA/QC), processing and delivery (Source: Authors) 207 
Predicted global distribution of Aedes albopictus, mosquitoes 

that can serve as vectors for dengue, chikungunya, Zika and 
other viruses. Colours indicate probability of occurrence 

(from 0 blue to 1 red) at a spatial resolution of 5 km x5 km. 
(Source: Kraemer et al. 2015) 211 
Tiger mosquito photograph submitted by an anonymous participant 
through Mosquito Alert. CC BY 4.0. Participants in many mosquito- 
related projects may submit photographs along with their reports of 
mosquito detections to help researchers validate the reports. Other 


projects allow participants to submit specimens. 212 
Screenshots of the Invasive Alien Species mobile app (left) and 
web page (right) 223 


The Smart Citizen Kit, a DIY and open source sensor (Source: 
Smart Citizen team; Fab Lab Barcelona | IAAC and MID) 237 


LIST OF FIGURES 


xix 


XX 


18.1 


18.2 
19.1 


20.1 
20.2 


20.3 
20.4 


20.5 


21.1 


23.1 


23.2 


23.3 


24.1 


24.2 


24.3 


24.4 


25.1 


Local students checking eel nets for a daily survey of glass eels in 


a local stream. (Source: Hudson River Eel Project) 263 
Relative strengths of three models 266 
Steps towards capacity building in citizen science. 

(Source: Adapted from UNDP 2009) 279 
Key design elements for citizen science projects 293 
Examples of postings received from all over Ireland in July 

2016. (Photos: Elena Bradiaková) 295 


Distribution of reported pollution incidents, summer 2015 295 
Homepage of the school programme Enviróza website. 

(Source: http://www.enviroza.sk/) 297 
A total of 25 new contamination/contaminated sites were added 
by schools. Field inspection and evaluation was then carried out 
by a SFA expert to allow their classification in the ISCS. (Photo: 
Irish Environment Protection Agency) 298 
The Project BudBurst website is designed to recruit and train 
participants, collect and publish data and provide education 
materials. The project also supports a mobile application mainly 
designed to facilitate data collection. The app is coded in HTMLS, 
which is easier to develop and maintain but has less functionality 


than a native app available for Android or iPhone. 310 
A ranger exchanging a passive ammonia sampler. (Source: 

Erik Noordijk) 340 
The iSPEX add-on on the left; instructions for taking measurements 
on the right. (Source: isPEX Team) 343 
Innovating a traditional measurement network towards a hybrid 
crowdsourcing platform. (Source: Erik Tielemans) 350 
Citizen science projects with focus on artificial light at night and 
changes of nightscapes. (Source: A. Rothmund) 355 
Visualisation of citizen science observation data gives feedback to 
the user. (Source: www.myskyatnight.com) 360 
Motivation aim to transfer the relevance of light pollution to a 
broader field of stakeholders 361 


Screenshot of the game Night Knights, which uses mechanics of 
output agreement, double player, contribution weighted by user 
reputation (measured against ground truth) 362 
Propage butterfly protocol. Instructions and leaflets were a 
technique for educating attention, but to become effective, they 
required other techniques helping the participants attune to 
insects. (Source: MNHN and Noé Conservation) 375 


LIST OF FIGURES 


27.1 


28.1 


28.2 


28.3 


28.4 


28.5 


29.1 


29.2 


29.3 


30.1 


Six steps for engaging young children in research (Source: 
Adapted from Johnson, Hart & Colwell 2014a) 406 
The LETS Study Leysin plots studied by the Leysin American 
School span an elevation range from approximately 600 m to 
2,300 m. Students visit the 30 m x 30 m plots that are not covered 
in snow twice per year, once in May and once in October. The 
plots are displayed in Google Earth. 418 
LETS Days’ happen twice a year: in October, about 130 7th- to 
10th-graders fan out in groups of 10, one group to each site (with 
teachers for supervision); and in May, over 100 11th graders do 
the same as part of their International Baccalaureate (IB) Group 
4 Day (Group 4 is a mandated co-operative science research in 
the IB programme). 419 
The highest LETS plot with trees lies at 2,000 m on the Tour d’Ai. 
Here students have laid out strings to divide the 30 mx 30 m plot 
into nine subquadrats that are used for mapping the tree cover. 
(Source: John Harlin) 420 
The highest tree discovered by LAS students was found at 

2,090 m on the Tour d’Ai during LETS Day 2015. 

(Source: John Harlin) 420 
Students practice tree measurements near campus at 1,390 m. 
During LETS Days the circumferences of all mature trees in most 


LETS plots are measured. (Source: John Harlin) 421 
Flow chart showing the structure of the German Barcode 
of Life 436 


Snapshots of some activities carried out during the BioBlitzes 
organised by the Maremma Natural History Museum. (Source: 
Andrea Sforzi) 437 
The Orchid Observers project at NHM London combines the online 
transcription of historical specimen data with contemporary 
biological recording. It investigates how the UK’s flora is respond- 
ing to climate change by building a 200-year record of flowering 
times for 29 species of UK orchid. Over 1,900 people have partici- 
pated, extracting scientific data from 3,700 specimens and 
generating 1,700 new field observations. The project is a collabo- 
ration with Zooniverse and the University of Oxford. (Source: 
Orchid specimen — Natural Museum (NHM) London. Screenshots 


of Orchid Observers website - NHM/Zooniverse) 440 
A citizen photograph for the ‘Foxes in Berlin’ campaign (Source: 
Margit Schröter) 449 


LIST OF FIGURES 


xxi 


xxii 


30.2 


30.3 


30.4 


30.5 
31.1 


Image A — A domestic cat wearing a GPS tracker on a harness as 
part of the Cat Tracker New Zealand citizen science project. 
Image B — an example of a cat’s movements over a one-week 


period (Source: Heidy Kikillus) 452 
Enabling process conducting research through fieldwork on local 
knowledge and practice (Source: Andrea Sieber) 454 


How would you evaluate this landscape change? Matched 
landscape photos from citizen science pilot project, Changing 
Landscapes (Sources: Postcard top, 1908 collection Walz; 

photo bottom, Walz 2014) 457 
Participative project process steps (Source: Andrea Sieber) 459 
Citizen science contribution to advances in science, policy 

and society 466 


LIST OF FIGURES 


List of tables 


1.1 
4.1 
5.1 
6.1 
6.2 
9.1 
9.2 


9.3 
9.4 


{1.1 


13.1 
18.1 


18.2 
18.3 


18.4 


19.1 


19.2 


Overview on selected case studies presented in this volume 
Engagement and skills in citizen science projects 

Countries currently using the Living Atlas platform 

Citizen science evaluation framework 

Evaluation criteria and supporting questions 

Overview of typologies of citizen engagement 

Overview of the main citizen engagement methods in the 
CHEST platform for digital social innovation 

Citizen involvement in individual project phases 

Strategies of implementing methods of citizen involvement 
in CHEST 


Recommendations to universities, funders and policymakers 


(League of European Research Universities 2016) 
Different types of participant engagement (Shirk et al. 2012) 
Definitions of conservation activities (adapted from 

Kapos et al. [2008] and Ballard et al. [2017]) 

Summary of the three examples 

Geographical distribution of occurrences contributed to 
GBIF by regional location of occurrence 

Total eels caught and eels caught per day as a catch per 
unit effort (CPUE) combined for all sampling sites in 
that year 

Actions and measures of the White Paper on Citizen Science 
for Europe (Socientize 2015) 

Priorities and visions for citizen science in Germany 
(Bonn et al. 2016) 


13 
59 
IT 
86 
88 
129 


136 
138 


141 


180 
194 


258 
259 


260 


262 


272 


277 


xxiii 


xxiv 


19.3 


21.1 


23.1 


27.1 


Overview and links to selected outcomes of capacity- 


building programmes 280 
Different types of technologies and supporting resources used 

in citizen science 306 
Claims about citizen science participant benefits (Source: 
Haywood 2014) 351 
Results from the final evaluation survey applied to students 
(Hidalgo-Ruz & Thiel 2013, 14) 398 


LIST OF TABLES 


List of contributors 


Miriam Aczel is a President’s PhD Scholar at Imperial College London’s 
Centre for Environmental Policy. Her research interests include interna- 
tional energy science and policy, environmental and health impacts of 
shale gas extraction, and citizen science. 


Janice Ansine is a senior project manager for citizen science, STEM 
Faculty, Open University, UK, who manages innovative, accessible web- 
based initiatives facilitating engagement, research and learning around 
biodiversity, and supports informal—formal education and outreach STEM 
activities. 


Arnoud Apituley works at the Royal Netherlands Meteorological Institute 
(KNMI). His main interest is in the study of air quality and climate change, 
combining LIDAR and satellite data. He was involved in the iSPEX 
experiment. 


Robert Arlinghaus is a professor of integrative fisheries management at 
Humboldt-Universitat zu Berlin in Germany. He studies recreational fish- 
eries using inter- and transdisciplinary research approaches. 


Isabelle Arpin is a senior research scientist at the French National 
Research Institute of Science and Technology for Environment and Agri- 
culture (Irstea). She studies contemporary changes in ways of managing 
and investigating nature. 


Heidi L. Ballard is an associate professor of environmental science edu- 
cation and faculty director of the Center for Community and Citizen Sci- 
ence (CCS) at University of California, Davis, USA. She studies learning 
and conservation through CCS. 


XXV 


xxvi 


Frederic Bartumeus is a research professor on theoretical and computa- 
tional ecology at the Catalan Institute for Research Studies who also 
works at the Centre for Advanced Studies of Blanes (CEAB-CSIC) and at 
Consorci Centre de Recerca Ecològica i Aplicacions Forestals (CREAF). 


Mathias Becker is a senior researcher at the European Institute for Par- 
ticipatory Media with a focus on Social Innovation and Social Impact. 


Arne J. Berre is a chief scientist at SINTEF and an associated professor at 
the University of Oslo. His research interest is in systems interoperability 
and standards with a focus on big data, IoT and machine learning/AI -with 
applications including geographic information, bio technologies and citi- 
zen science. 


Aletta Bonn is a professor of ecosystem services at the Helmholtz Centre 
for Environmental Research — UFZ, Leipzig, and the Friedrich Schiller Uni- 
versity Jena within the German Centre of Integrative Biodiversity Research 
(iDiv). A co-founding board member of ECSA, her research focuses on 
biodiversity-society interactions, global change and citizen science. 


Rick Bonney is the director of the Public Engagement in Science 
Program at the Cornell Lab of Ornithology, a founder of the Citizen Sci- 
ence Association, and editor of the journal Citizen Science: Theory and 
Practice. 


Anne Bowser is the director of innovation at the Woodrow Wilson Inter- 
national Center for Scholars in Washington, DC. She is interested in 
expanding public participation in and ownership of science and technol- 
ogy, like through crowdsourcing and citizen science. 


Miriam Brandt is a scientific coordinator at the IZW in Berlin, Germany. 
She currently leads several research projects developing novel instruments 
for knowledge transfer and investigating the impact of citizen science. 


Peter Brenton leads the field data collection and citizen science support 
functions of the Atlas of Living Australia, which provides national infra- 
structure for biodiversity data in Australia. Brenton has a strong interest 
in data standards and in making data accessible, reusable and available 
for research, policy and management. 


Martin Brocklehurst is an independent environmental consultant and 
ecologist, with international experience on regulation and its application 
in the public and private sectors. She is a founding member of the European 
Citizen Science Association and the Citizen Science Global Partnership. 


LIST OF CONTRIBUTORS 


Neil D. Burgess is with the Center for Macroecology, Evolution, and 
Climate at the University of Copenhagen and also with United Nations 
Environment Programme-World Conservation Monitoring Centre, in 
Cambridge, UK. 


Linda Carton is an assistant professor of Spatial Planning at Radboud 
University Nijmegen, Institute for Management Research (IMR). Car- 
ton’s research is focused on sustainable governance arrangements, citizen 
science, community planning, participatory sensing and innovative map- 
ping practices. 


Jade Cawthray is a PhD student at University of Dundee, Scotland. Her 
PhD research explores how co-created citizen science practices can sup- 
port communities in taking action on the issues and challenges that 
matter to them. 


Luigi Ceccaroni is a manager in Engagement & Science at Earthwatch in 
Oxford, UK. Since 2014, he has been a member of the Board of Directors 
and the Steering Committee of the European Citizen Science Association. 


Irene Celino is a research manager at Cefriel, where she leads the Knowl- 
edge Technologies research group, working on Human Computation for 
the active involvement of human contributors and Semantic Interopera- 
bility of data and services. 


Colin Chapman is a senior data manager within the Department for Nat- 
ural Resources at the Welsh Government. His expertise includes working 
at the policy/citizen science interface, as well as with multiple stakeholder 
groups in the citizen science arena. 


Oscar Corcho is a full professor at Universidad Politécnica de Madrid. He 
co-leads the Ontology Engineering Group, working on the areas of Onto- 
logical Engineering, Semantic Web, Open Data, Open Science. He coor- 
dinates the EU project STARS4ALL. 


Indiana Coronado is a member of the department of biology, faculty 
of sciences and technology, Herbarium of the National Autonomous 
University of Nicaragua, Leon, Nicaragua. She is also a research fellow 
at the Missouri Botanical Garden in Saint Louis, Missouri. 


Finn Danielsen is an ecologist with NORDECO. He collaborates with nat- 
ural and social science colleagues from many countries. He pilots locally 
based natural resource monitoring programmes, and he examines their 
reliability and usefulness for decision-making. 


LIST OF CONTRIBUTORS 


xxvii 


xxviii 


Jeroen Devilee is social scientist and advisor at the Dutch National Insti- 
tute for Public Health and the Environment (RIVM). His interests include 
citizen science, stakeholder engagement in knowledge production, risk 
governance and identification of new risks. 


Daniel Dörler is a researcher at the University of Natural Resources and 
Life Sciences in Vienna, Austria. He is founder and coordinator of the 
Citizen Science Network Austria and its associated platform Österreich 
forscht. Dörler is a pioneer in Open Innovation in Science in Austria, a 
member of various advisory boards and an organiser of the Austrian 
Citizen Science Conference. 


Richard Edwards is an emeritus professor of education at the University 
of Stirling, UK. He has researched and published extensively on adult 
learning outside formal educational institutions, including learning 
through citizen science. 


Martin Enghoff is sociologist with NORDECO in Denmark. He works with 
community involvement in natural resource management and rural devel- 
opment processes. 


Lisa Garbe is a researcher at the University of St. Gallen, Switzerland. She 
works on telecommunication and Internet ownership and control, con- 
ducting large-N analyses covering Africa, and occasionally spends time in 
Africa for field research. 


Claudia Göbel is project manager at the European Citizen Science Asso- 
ciation and guest researcher at Museum für Naturkunde Berlin. She works 
on the organisation of citizen science, links to open science and policy 
engagement. 


Margaret Gold is a project officer at the European Citizen Science Asso- 
ciation for the WeObserve project. She specialises in designing mobile and 
web-based platforms for citizen science, community-building and engage- 
ment, and running creative collaboration events. 


François Grey is the director of digital strategy at University of Geneva 
and heads Citizen Cyberlab, a partnership on rethinking public partici- 
pation in research, with CERN and the UN Institute for Training and 
Research. 


Michel Grothe works at Geonovum in the Netherlands and is a pro- 
gramme manager of INSPIRE. He is involved in the Smart Emission citi- 
zen science project in the city of Nijmegen, specialising in open data. 


LIST OF CONTRIBUTORS 


Mordechai (Muki) Haklay is a professor of geographic information sci- 
ence at UCL. His research interests include public access to environmen- 
tal information, citizen science, participatory GIS and mapping, and 
Human-Computer Interaction (HCI) for geospatial technologies. 


John Harlin, a former mountain guide and outdoor writer, directs the 
Alpine Institute at the Leysin American School in Switzerland and is co- 
chair of ECSA’s working group on citizen science in education. 


Susanne Hecker is a researcher at the Helmholtz Centre for Environmen- 
tal Research — UFZ and the German Centre for Integrative Biodiversity 
Research (iDiv) in Halle-Jena-Leipzig, Germany. Her research focus is on 
science communication in citizen science at the science-society-policy 
interface and she organised the first ECSA Conference. 


Florian Heigl is a postdoc at the University of Natural Resources and Life 
Sciences in Vienna, Austria. He is also founder of the project Roadkill and 
initiator and coordinator of the Citizen Science Network Austria and its 
associated platform Osterreich forscht. He is a member of various advisory 
boards and an active networker and organiser of the annual Austrian Cit- 
izen Science Conference. 


Thomas Hillman is an associate professor of IT and learning at the Uni- 
versity of Gothenburg. His research investigates the transformation of 
technologies and epistemic practices with a focus on learning processes 
in large-scale online communities. 


Franz Holker is a senior scientist at IGB Berlin and an associate profes- 
sor at FU Berlin. He is researching the biological impacts of light pollution 
on a wide range of biological processes, partly together with citizen 
scientists. 


Sune Holt is a climate change adaptation consultant at the Inter- 
American Development Bank. He is interested in global development, 
eco-sustainable solutions and biodiversity conservation. 


Alan Irwin is a professor in the Department of Organization at Copen- 
hagen Business School. His research field is Science, Technology and 
Innovation Studies with special focus on scientific governance and 
research policy. 


Per Moestrup Jensen is an associate professor at the University of Copen- 
hagen, Denmark. He works with wildlife biology and associated zoonotic 
diseases. He teaches basic ecology and zoology in a number of courses. 


LIST OF CONTRIBUTORS 


Xxix 


XXX 


Christoph Keller is a full professor of experimental astrophysics at the 
Leiden Observatory in the Netherlands. His research centres on polar- 
ised light. He is one of the developers of the citizen science instrument 
iSPEX. 


Barbara Kieslinger is a senior researcher at the Centre for Social Inno- 
vation — ZSI, Vienna, Austria. She studies online social networking prac- 
tice, digital social innovation and public participation processes. 


Heidy Kikillus is a research fellow at Victoria University of Wellington in 
New Zealand. Her interests include urban ecology and biosecurity, spe- 
cifically pets that may become pests. 


Sarah Kirn is the education programs strategist for the Gulf of Maine 
Research Institute, where she designed and developed the Vital Signs 
citizen science programme. She serves on the board of the Citizen Sci- 
ence Association. 


Laure Kloetzer is an assistant professor in Sociocultural Psychology at the 
University of Neuchatel, Switzerland, where she studies how research con- 
tributes to social innovation and institutional transformation. She leads 
the ECSA and EU COST Action working groups on Learning & Education. 


Frank Kresin is a managing director of the DesignLab at the University 
of Twente, fellow of Waag Society, and board member of V2_, Tetem and 
The Mobile City. He is interested in citizen science and empowerment. 


Christopher Kyba is a physicist at the GFZ German Research Centre for 
Geosciences in Potsdam, Germany. His work focuses on quantification of 
artificial light in outdoor environments. 


Poppy Lakeman-Fraser is the senior coordinator of a UK-wide public 
engagement network, OPAL. She is a citizen science practitioner, has a back- 
ground in global change ecology and was the first coordinator of ECSA. 


Anne Land-Zandstra is an assistant professor of science communication 
at Leiden University, the Netherlands. Her research interest includes the 
motivations, expectations and learning impact of citizen scientists. 


Marie-Elise Lecoq is the lead architect, analyst and developer with GBIF 
France and is largely responsible for the development of the GBIF France 
biodiversity data portal. Lecoq is a strong advocate for open data, data 
sharing and community-driven infrastructure 


Didier Guy Leibovici is a member of the Nottingham GeoSpatial Institute, 
University of Nottingham, who has interests in geo-computational data 


LIST OF CONTRIBUTORS 


analytics, including scientific workflows, uncertainty and spatial analy- 
sis. His research, for a range of environmental domains, looked into data 
quality of crowdsourcing. 


Chris Leonhard has an interest in citizen science and enquiry-based learn- 
ing. He is the former head of science at Leysin American School and the 
co-founder of the LETS Study Leysin project. 


Chunming Li is a researcher at IUE, CAS in Xiamen, China. His research 
interests are environmental sensing network, participatory sensing and 
environmental management. 


Grégoire Lois works at the National History Museum in Paris, France. In 
the ecology lab, he works on citizen science initiatives dedicated to 
feed macro-ecology research activities and policy tools such as large- 
scale indicators. 


Monique Luckas is the head of press and public relations at Futurium in 
Berlin, Germany. She studied communication science and is fascinated 
by communication structures in citizen science projects. 


Dana Mahr is an historian and sociologist of science and medicine at the 
University of Geneva. Her research focuses on participatory phenomena 
in various areas and historical periods. In addition, she works on experi- 
ential knowledge and risk. 


Karen Makuch is a lecturer in Environmental Law at Imperial College 
London, Centre for Environmental Policy, where she teaches international 
environmental law. Her research areas include inter alia, environmental 
roles and rights of children, and citizen science and fracking regulation. 


Zen Makuch is an international barrister who directs the Sustainable Tran- 
sitions and Food Systems research initiatives at Imperial College London. 
A co-founding board member of ECSA, he designed and applied the 
EU environmental protection/biodiversity conservation implementation 
strategies. 


Ilona Marenbach is a certified sociologist who worked as editor and 
editor-in-chief of Radio Multikulti, a multicultural-multilingual broadcast 
programme in Germany. She was deputy Editor-in-Chief of radioeins 
and is now head of the multimedia science editorial office of Rundfunk 
Berlin-Brandenburg (rbb). 


Andreas Matheus is the managing director of Secure Dimensions GmbH 
(Germany), focusing on Single-Sign-On security solutions, based upon 


LIST OF CONTRIBUTORS 


XXxi 


xxxii 


open standards for distributed systems, such as spatial data infrastructure 
for smart cities and citizen science. 


Katherine Mathieson is chief executive of the British Science Association, 
an independent charity that is seeking to make science a fundamental part 
of culture and society. 


Suvodeep Mazumdar is a lecturer at Sheffield Hallam University. He con- 
ducts inter-disciplinary research on highly engaging, interactive and vis- 
ual mechanisms in conjunction with complex querying techniques for 
understanding large complex datasets. 


Diarmuid McDonnell is a research fellow in social policy, University of 
Birmingham. His research explores the determinants of nonprofit miscon- 
duct and vulnerability, and utilises linked administrative data derived 
from charity regulators internationally. 


Rosy Mondardini is the managing director of the Citizen Science Center 
Zurich, a joint initiative of ETH Zurich and the University of Zurich 
to engage scientists and the public in next-generation citizen science 
projects. 


Susana Nascimento is a researcher and policy analyst at the European 
Commission, Joint Research Centre, EU Policy Lab. She works on future 
oriented technology, blockchain and DLTs, artificial intelligence, trans- 
disciplinarity, and open science and technology. 


Erik Noordijk is an air-quality researcher at RIVM, where he is involved in 
the MAN (ammonia measurement) network in which nature managers and 
volunteers of 85 nature areas co-operate with RIVM on a voluntary basis. 


Jasminko Novak is a professor of information systems at the University 
of Applied Sciences Stralsund and leads the European Institute for Par- 
ticipatory Media. Collective intelligence and participatory systems are 
among the core areas of his research. 


Erinma Ochu is a transdisciplinary researcher and social entrepreneur in 
the Ecosystems and Environment Research Centre at the University of Sal- 
ford. She co-designs immersive experiences to offer new perspectives on 
global challenges. 


Alessandro Oggioni is a researcher at Consiglio Nazionale delle Ricerche 
(CNR, Italy) - Institute for Electromagnetic Sensing of the Environment 
(IREA). Oggioni specialises in data management, spatial data infrastruc- 
ture, Sensor Web Enablement and other web-based services. 


LIST OF CONTRIBUTORS 


Jessie Oliver researches how to design interactive citizen science technol- 
ogies to find species in environmental acoustic recordings, and she advo- 
cates for citizen science nationally and globally through her work with the 
Australian Citizen Science Association. 


Roger Owen is a principal scientist at the Scottish Environment Protec- 
tion Agency specialising in international research, natural capital and citi- 
zen science. Owen was the first co-chair of the EPA Network Interest Group 
on Citizen Science. 


John Palmer is a tenure-track professor at Pompeu Fabra University in 
Barcelona. He uses citizen science in his work on human mobility and 
migration, social segregation and disease ecology. 


Alison Parker is an ecologist and citizen science enthusiast, currently sup- 
porting scientists and exploring citizen science for environmental policy 
as an ORISE postdoctoral fellow hosted by the US Environmental Protec- 
tion Agency in Washington DC, USA. 


Dan Patton has been teaching science for 10 years. He is passionate 
about getting kids learning science through authentic, hands-on activities 
with real-world applications, such as citizen science, STEM and entrepre- 
neurship. 


Eleonore Pauwels is the director of the Anticipatory Intelligence (AI) 
Lab with the Science and Technology Innovation Program at the Wood- 
row Wilson International Center for Scholars. She is a writer and inter- 
national science policy expert, who specialises in the governance and 
democratisation of converging technologies. 


Taru Peltola is a senior research scientist at the Finnish Environment 
Institute. She studies knowledge practices in environmental policy, trans- 
formative outcomes of citizen science and citizen science in contentious 
societal issues. 


Lisa Pettibone is a former postdoc at the Natural History Museum in 
Berlin, Germany. She coordinated the capacity-building programme 
‘GEWISS’ and among other things published a guide on how to conduct 
citizen science. Pettibone’s research interests are sustainability sciences. 


Tina Phillips is a social science researcher based at the Cornell Lab of 
Ornithology in Ithaca, New York, USA. Her work focuses on building eval- 
uation capacity for and researching socio-ecological outcomes from 
citizen science. 


LIST OF CONTRIBUTORS 


xxxiii 


XXXiv 


Jaume Piera is a researcher at the ICM-CSIC and CREAF, both in Barce- 
lona, Spain. His research is focused on environmental monitoring systems, 
mostly based on citizen science. He is member of the ECSA steering 
committee. 


Michael Kgie Poulsen is a Danish socio-ecologist with NORDECO. He 
supports local communities in the Arctic and developing regions in design- 
ing and implementing monitoring programmes with focus on biodiversity 
and living resources. 


Anett Richter is a postdoctoral scholar at the Helmholtz Centre for Envi- 
ronmental Research - UFZ and the German Centre for Integrative Bio- 
diversity Research (iDiv) in Halle-Jena-Leipzig, Germany. She led the 
development of Citizen Science Strategy 2020 for Germany and coordi- 
nated the capacity-building programme ‘GEWISS’. Richter’s research is 
about citizen science as a concept and understanding the people involved 
in citizen science. 


Jeroen Rietjens is an instrument scientist working at SRON Netherlands 
Institute for Space Research as performance lead on the development of 
airborne and space-based highly accurate multi-angle polarimeters for cli- 
mate and air-quality research. 


Lucy Robinson is citizen science manager at the Natural History Museum 
London. As a citizen science practitioner for 10 years, she champions best 
practices and is PI on the LEARN CitSci research programme. 


Jose Miguel Rubio Iglesias is a geospatial engineer working at the Euro- 
pean Environment Agency. He is a co-chair of the EPA Network Interest 
Group on Citizen Science and works on the implementation of the INSPIRE 
Directive. 


Ricardo M. Rueda is with the Department of Biology, Faculty of Sciences 
and Technology, National Autonomous University of Nicaragua, León, 
Nicaragua. He works with Flora of Nicaragua and studied in Saint Louis, 
Missouri. 


Sven Schade is a scientific project officer at the European Commission’s 
Joint Research Centre (JRC). He provides scientific advice to policy on 
topics such as citizen science, the use of new data sources, and digital 
transformation. 


Teresa Schäfer is a researcher at the Centre for Social Innovation - ZSI, 
Vienna, Austria. Her work focuses on participation processes in digital 
social innovations and the assessment of its impact. 


LIST OF CONTRIBUTORS 


Bernard Schiele is a researcher and a professor at UQAM (Montreal). He 
works on the socio-dissemination of S&T. He is also a founding member 
and current member of the Scientific Committee of the PCST network. 


Sibylle Schroer is scientific coordinator for research on light pollution at 
the IGB. She connects scientists and supports transdisciplinary communi- 
cation. She is creating and expanding networks of citizen scientists and 
all other stakeholders. 


Linda See is a research scholar at the International Institute for Applied 
Systems Analysis in Austria whose research interests intersect the fields 
of citizen science. She has volunteered in geographic information and 
Earth Observation. 


Fermin Serrano Sanz is the commissioner for knowledge economy and 
innovation at the Government of Aragon. He was a member of the team 
that developed the White Paper for the European Citizen Science Strat- 
egy and actively promotes and supports citizen science in Europe. 


Andrea Sforzi is the director of the Maremma Natural History Museum 
in Grosseto, Italy. He actively promotes environmental citizen science 
initiatives, as well as national and international CS networking. He is a 
founding member of ECSA. 


Lea Shanley served as an Obama White House Presidential Innova- 
tion Fellow, as founder and co-chair of the Federal Crowdsourcing and 
Citizen Science Community of Practice, and as founding director of the 
Wilson Center’s Commons Lab. 


Jennifer Shirk works at the Cornell Lab of Ornithology and as Director 
of the Citizen Science Association. She explores practices and connects 
people across disciplines to support innovations and integrity in both 
research and engagement. 


Andrea Sieber is a scientist at the University of Klagenfurt, Austria. Her 
current research topics are cultural sustainability, landscape, participatory 
research and education. 


Melanie Smallman is lecturer in Science and Technology Studies at UCL 
and co-director of the Responsible Research and Innovation Hub. Her 
research looks at public attitudes toward technologies and how these 
views influence science and policy. 


Frans Snik works at Leiden University on optical technology for astron- 
omy and Earth observation. He led the iSPEX project that involved several 


LIST OF CONTRIBUTORS 


XXXV 


XXxvi 


thousand participants all over Europe to measure air pollution with a 
smartphone add-on. 


Leysin American School high school students travel from their homes 
around the world to be educated in the mountains of Switzerland. 


Erik Tielemans is the head of department Research & Development 
Environmental Quality, National Institute for Public Health and the Envi- 
ronment (RIVM). 


John Tweddle is the head of the Angela Marmont Centre for UK 
Biodiversity at the Natural History Museum London. His interests span 
citizen science theory and practice, wildlife identification training and 
urban nature conservation research. 


Elizabeth Tyson is a research fellow at Conservation X Labs in Washing- 
ton, DC. She builds capacity and conducts research and outreach on 
behalf of open innovation, citizen science and crowdsourcing as meth- 
ods for driving innovative solutions to our environmental problems. 


Paul van Genuchten is a software engineer at GeoCat BV (the Nether- 
lands). He works with various organisations and communities on the 
GeoNetwork opensource project, an open standards-based catalogue for 
datasets with a spatio-temporal focus. 


Roy van Grunsven is an ecologist and entomologist from IGB and Dutch 
Butterfly Conservation. He studies the effect of artificial light on moths 
and other organisms and frequently works with citizen scientists in mon- 
itoring programmes. 


Edith van Putten is an environmental researcher at RIVM. She is an expert 
in building sensors and is involved in several citizen science projects con- 
cerning air quality and radiation. 


Arnold van Vliet is a biologist at Wageningen University in the Netherlands 
who focuses on monitoring, analysing, forecasting and communicating 
climate impact on biodiversity and society and on how society can adapt. 


Ella Vogel is the projects development officer for the National Biodiver- 
sity Network in the UK. Her primary focus is on improving open access to 
biodiversity information across the UK via the NBN Atlas portal. 


Johannes Vogel is director general of the Museum fiir Naturkunde Ber- 
lin and professor for Biodiversity and Public Science at the Humboldt Uni- 
versity. He is chair of the European Citizen Science Association and the 
EU commissions Open Science Policy Platform. 


LIST OF CONTRIBUTORS 


Katrin Vohland heads the research programme ‘public engagement with 
science’ at the Museum fiir Naturkunde Berlin. She conducts research on 
the interface between biodiversity policy, science and society, with a 
strong emphasis on citizen science. 


Hester Volten works at the National Institute of Public Health and the 
Environment (the Netherlands) as an air-quality scientist who specialises 
in citizen science. Among others, she was involved in the iSPEX project. 


Stephanie von Gavel was the business development manager of the Atlas 
of Living Australia (ALA) for several years. She was instrumental as a 
founding board member in the establishment of the Australian Citizen 
Science Association (ACSA) and continues to contribute to driving its 
strategic, institutional and policy directions. 


Jan Vonk works at RIVM on measurements of particulate matter within 
the Dutch national air-quality monitoring network, and is always on the 
lookout for new applications and approaches, including the use of sensors. 


Marita Voogt coordinates the RIVM programme ‘Innovation of Environ- 
mental Monitoring’. She is the contact person for citizen communities in 
the Netherlands as well as jointly responsible for the content of the knowl- 
edge and data portal. 


Wolfgang Wägele is the director of the Leibniz-Institute for Animal Bio- 
diversity, also known in the German Rhine region as Museum Koenig. He 
promotes the co-operation between expert taxonomists among citizen 
scientists, ecologists and governmental agencies to improve biodiversity 
monitoring in Germany. 


Ulrich Walz is a professor for landscape ecology and GIS at the University 
of Applied Sciences (HTW) in Dresden. He works on the theme of land- 
scape changes and their impacts on landscape functions and biodiversity. 


Wolfgang Wende is a scientist at [OER Dresden and professor at Technis- 
che Universitat Dresden, Germany. He works on landscape change and 
management and he integrates the landscape focus with citizen science. 


Joost Wesseling is senior scientist in Environmental Quality at the 
National Institute for Public Health and the Environment (RIVM). More 
recently, he has been involved in studies about the application of sensors 
for environmental monitoring. 


Sarah West is a senior researcher at the Stockholm Environment Institute 
at the University of York. She is part of SEI’s Practice and Research in Citi- 


LIST OF CONTRIBUTORS 


xxxvii 


xxxviii 


zen Science (SPARCS) group: designing, conducting and researching citi- 
zen science projects across the world. 


Jamie Williams is a principal consultant for Environment Systems (UK), 
an environmental data company, where he works on the interface between 
research and development, and industry, with a particular interest in 
innovation and applied science. 


Daniel Wyler is a retired professor of theoretical physics at the University 
of Zurich, Switzerland. He has a strong interest in participatory research 
and has established a center of citizen science in Zurich at the university 
and the ETH. 


LIST OF CONTRIBUTORS 


1 


Innovation in open science, 
society and policy - setting the 
agenda for citizen science 


Susanne Hecker", Muki Haklay?, Anne Bowser’, 
Zen Makuch®, Johannes Vogel* and Aletta Bonn’?7 


1 Helmholtz Centre for Environmental Research — UFZ, Leipzig, Germany 

2 German Centre for Integrative Biodiversity Research (iDiv) Halle-Jena-Leipzig, Germany 
3 University College London, UK 

4 Woodrow Wilson International Center for Scholars, Washington DC, US 

5 Imperial College London, UK 

6 Museum für Naturkunde Berlin, Germany 

7 Friedrich Schiller University Jena, Germany 


corresponding author email: susanne.hecker@idiv.de 


In: Hecker, S., Haklay, M., Bowser, A., Makuch, Z., Vogel, J. & Bonn, A. 2018. Citizen Science: 
Innovation in Open Science, Society and Policy. UCL Press, London. https://doi.org/10.14324 
/111.9781787352339 


Simply generating and communicating scientific knowledge is not suf- 
ficient [to combat biodiversity loss] . . . Knowledge of traditional and 
‘ordinary’ citizens [brings] possibilities for innovation. 

(Turnhout et al. 2012, 454) 


This is renaissance, your dentist now an authority on butterflies and 
you (in retrospect this happened so pleasantly, watching clouds one 
afternoon) connected by Twitter to the National Weather Service. This 
is revolution, breaking down barriers between expert and amateur, 
with new collaborations across class and education. Pygmy hunters and 
gatherers use smartphones to document deforestation in the Congo 
Basin. High school students identify fossils in soils from ancient seas in 
upstate New York. Do-it-yourself biologists make centrifuges at home. 
This is falling in love with the world, and this is science, and at 
the risk of sounding too much an idealist, I have come to believe they 
are the same thing. 
(Russell 2014, p. 11) 


Background 


Citizen science is a rapidly growing field with expanding legitimacy. Often 
seen as a cluster of activities under a larger umbrella of concepts, includ- 
ing ‘open science’ and ‘open innovation’, citizen science expands public 
participation in science and supports alternative models of knowledge 
production. This includes strengthening scientific research by engaging 
with a variety of topics and information sources, and fostering cross- or 
trans-disciplinary knowledge production. Citizen science can expand 
stakeholder participation and introduce new perspectives and informa- 
tion as well as new partnerships. Many projects are opening up cutting- 
edge areas of science, such as gene editing and synthetic biology, to new 
audiences, enabling a wider discussion about their societal implications. 
In these ways, citizen science projects are often initiated to address an 
immediate problem or research question, while also building capacity for 
communities to participate in science and shape policy decision-making 
and implementation in the longer term (see box 1.1). 

Research in citizen science takes a diverse approach where the bal- 
ance between scientific, educational, societal and policy goals varies across 
projects (see Kieslinger et al. in this volume). A common, shared goal is 
to collect and analyse information that is scientifically valuable. This dis- 
tinguishes citizen science from areas such as experiential learning or 
environmental education for sustainability, although learning and other 
educational goals and outcomes are additional valuable aims and contri- 
butions of some citizen science projects. 

It is easy to think of citizen science as a new phenomenon. However, 
it actually has historic roots (see Mahr et al. in this volume), which have 
been recently invigorated by evolving digital technologies such as net- 
worked mobile devices that connect people easily and effectively with 
the scientific community and with their peers. The growth of citizen sci- 
ence has also been driven by the public’s desire to be actively involved in 
scientific processes. This may be a result of recent societal trends, includ- 
ing the rise in tertiary education (see Haklay in this volume) and the 
increasing value placed in science, as well as the wish to actively partici- 
pate in providing evidence to help manage urgent societal problems. 

The rich history of citizen science extends across a range of areas, 
notably astronomy, biology and biodiversity monitoring, environmental 
monitoring and public health (see Mahr et al. in this volume). Recent pro- 
jects have also explored opportunities for engagement in transportation, 
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Box 1.1. Citizen science: Definitions 


The concept of citizen science is often attributed to two distinct 
sources. In 1995, Alan Irwin used the term to refer to a paradigm 
where research goals were collaboratively determined by profes- 
sional scientists and the public in the UK (Irwin 1995). Around 
the same time, Rick Bonney began to use the same term to refer 
to numerous projects at the Cornell Lab of Ornithology in the 
United States, which involved members of the public in avian 
research (Bonney 1996). Many more recent definitions have been 
offered since then, with various degrees of alignment to these 
early roots (Eitzel et al. 2017). Especially notable for this volume 
are the definitions advanced by governments and other policy- 
making bodies. 

In the United States, for example, citizen science was defined 
at the national level first by John Holdren, Director of the White 
House Office of Science and Technology Policy (OSTP) under the 
Obama Administration (Holdren 2015). Holdren’s memo defined 
citizen science broadly, as a process where ‘the public participates 
voluntarily in the scientific process, addressing real-world problems 
in ways that may include formulating research questions, conducting 
scientific experiments, collecting and analyzing data, interpreting 
results, making new discoveries, developing technologies and appli- 
cations, and solving complex problems’. This definition was later 
picked up in the US Citizen Science and Crowdsourcing Act, signed 
into law in 2017. 

The European Commission has used the definition from the 
Oxford English Dictionary, defining citizen science as ‘scientific 
work undertaken by members of the general public, often in collab- 
oration with or under the direction of professional scientists and 
scientific institutions’. It also notes that ‘Citizen Science is often 
linked with outreach activities, science education or various forms 
of public engagement with science’ (European Commission 2016c, 
p. 54). 

To complement the definition of citizen science, the Euro- 
pean Citizen Science Association has also developed Ten Principles 
of Citizen Science (Robinson et al. in this volume). 
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irrigation and agriculture and energy production (including bioenergy) 
among other topics (Lisjak, Schade & Kotsev 2017). Citizen science pro- 
jects related to public policy matters are now touching on many agendas, 
from environmental protection, to health and education, to research and 
innovation. Those intended to drive innovation have particularly led to 
collaboration across the spectrum of science, medicine and engineering 
disciplines, as well as the social sciences. Citizen science is also encour- 
aging interaction between practitioners and key societal stakeholders and 
public policymakers, although this remains limited (see Nascimento et al. 
in this volume). 

In parallel, citizen science is becoming more widely discussed and 
accepted within the scientific community as an appropriate research 
approach to answer specific research questions and meet scientific 
demands. Thousands of scientific projects involve millions of citizens who 
are investing extensive time, energy and resources in research supported 
by new technologies (Bonney et al. 2014). While many volunteers wish 
to contribute to scientific research and be included in policy responses and 
decision-making, many are also motivated by an interest in research and 
the integration of science and society (Rotman et al. 2012). Researchers 
and policymakers further express the need for improved evidence, partici- 
pation and knowledge as the legitimate bases for decision-making, which 
supports the demand for citizen science (see for example Smallman in this 
volume). 

The growth in citizen science projects has seen them operating at 
multiple spatial scales, from neighbourhood and village concerns over 
environmental issues, to continental-scale monitoring of trends. This also 
means that the policy implications of citizen science projects can range 
across jurisdictions, from the international (e.g., the United Nations 
Framework Convention on Climate Change) to the regional (e.g., the 
European Union), national (e.g., the US federal climate change policy) 
and sub-national (e.g., California’s low-carbon transport policies), to com- 
munity groups and ad-hoc organisations established by concerned citi- 
zens (e.g., water or air quality monitoring). Citizen science can also cover 
the entire temporal range of scientific enquiry, from short-term initiatives 
to address current issues (such as mapping accident-prone traffic spots in 
a city, or litter or invasive species) to long-term monitoring (e.g., weather 
or animal populations). These diverse backdrops require theoretical and 
practical understanding of how citizen science operates both in general 
and specific contexts. 
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Citizen science contributions to policy 


Citizen science is unusual as a developing research field in that there is 
acute awareness among its practitioners about the importance of its wider 
current and potential societal and — increasingly — political impacts. Unlike 
most other academic fields, the conversations taking place inside the com- 
munity are outward-looking. A good example of this is the way guidance 
documents are being developed through bottom-up approaches, which 
reach out to the practitioner and research community and to policy- 
makers. Examples include the Socientize White Paper on Citizen Science 
for Europe, intended to reach out to a wider group of researchers and 
policymakers at the European level (Serrano Sanz et al. 2014), and the 
European Citizen Science Association’s Ten Principles of Citizen Science, 
which both speak to practitioners in the field and provide orientation for 
science-based policy by establishing universal principles for citizen sci- 
ence projects (Robinson et al. in this volume). The Greenpaper Citizen 
Science Strategy 2020 for Germany (Bonn et al. 2016; Richter et al. in this 
volume) is another strategic-political document developed in collaboration 
with more than a hundred scientific organisations and universities, non- 
governmental organisations (NGOs), learned societies, science shops, the 
media, individual researchers and members of the public (see box 2.1). 

In the political sphere, the value of citizen science is starting to be 
recognised at the European Union policy level (Hyder et al. 2015; Small- 
man in this volume) and by European Member States (box 1.2), as well as 
by national governments in the United States (see box 1.1) and Australia. 
Global NGOs, including the United Nations Environment Programme 
(UNEP), have also voiced their support. Citizen science therefore enables 
both traditional as well as modern avenues of engagement between sci- 
ence and society (Mazumdar et al. in this volume). In fact, in 2013 an 
internal European Commission document stated that the ‘development 
of communication technologies through the internet creates highly valua- 
ble opportunities for citizen science and crowdsourcing, offering enhanced 
levels of participation in assessing (and determining) the success of EU 
environment policies’ (European Commission 2013, p.4). 

Governments and policymakers need evidence and scientifically 
reliable, up-to-date information to identify, formulate, implement and 
evaluate policies. They are obliged to fulfil regulations, such as those on 
environmental monitoring and assessments under EU directives like the 
Habitats Directive or the Birds Directive, or international conventions 
like the Convention on Biological Diversity. Citizen science provides the 
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Box 1.2. National contexts: Spotlight on Germany 


We want to involve citizens and stakeholders from civil society 
consistently in the discussion about future projects and the design 
of research agendas. We want to develop new forms of citizen 
participation and the communication of science and merge them 
into an overall concept. (2013) 

We want to intensify the dialogue of economy, policy, sci- 
ence and society, trial new formats of participation of civil soci- 
ety and strengthen science communication. (2018) 

Extracts from coalition contracts of the 
German government 


In Germany, a two-year citizen science capacity-building pro- 
gramme was implemented in 2014-2016 by the Ministry of 
Research and Education (BMBF) to assess the potential and chal- 
lenges of citizen science. Researchers from all fields — citizens, civil 
society organisations and scientific institutions — contributed their 
ideas and experiences to the enhancement of citizen science in a 
programme that built on dialogue and participation. The resulting 
Greenpaper Citizen Science Strategy 2020 for Germany (Bonn et al. 
2016; Richter et al. in this volume) received significant attention 
from policy and international citizen science networks. A subse- 
quent outcome of the capacity-building programme and the strat- 
egy was a federal BMBF funding scheme to support citizen science 
projects in 2017. 


opportunity for policymakers to create programmes with scientific 
researchers to support these obligations, or to draw upon existing initia- 
tives. In the United States, for example, the annual State of the Birds 
report — produced by the North American Bird Conservation Initiative 
(NABCI), a consortium of federal agencies and NGOs - utilises contribu- 
tions from the citizen science project eBird to assess the status and health 
of key species, and promotes birds as indicators of overall environmental 
health and human well-being. This report is used to help the US govern- 
ment offer progress reports on international commitments, including 
the Migratory Bird Treaty, and to evaluate and refine domestic policy, 
for example, policy related to land use. 
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At the same time, policymakers want to ensure the societal rele- 
vance of their actions, and this calls for stronger engagement with society 
(European Commission 2013; see also Nascimento et al. and Parker & 
Owen, both in this volume). For example, the legislation of the EU’s Envi- 
ronmental Acquis Communautaire includes periodic mandatory monitor- 
ing and reporting requirements, much of which can be standardised for 
citizen science participation in such diverse activities as species/habitat 
monitoring, and air or water quality monitoring. Outside of Europe, other 
political bodies outline similar values. In the United States, for example, 
citizen science is broadly portrayed as accelerating research and address- 
ing politically relevant social needs by drawing on previously untapped 
resources, namely the public. 


Citizen science and societal relevance 


Historically, innovation opportunities have been available to a minority 
of the population, particularly privileged staff in the research and devel- 
opment sections of major firms or public sector institutions. In contrast, 
citizen science offers innovative potential at the science-society interface 
by drawing in many millions of participants worldwide. Research is liter- 
ally ‘opened’ up to members of society and they often become part of the 
whole process, thus making science more inclusive. This allows members 
of the public to learn about, understand and discuss scientific methods, 
standards and values, developing their overall scientific literacy. This can 
increase public awareness of the value of scientific research in address- 
ing problems faced in everyday life as well as global challenges. Citizen 
science can therefore positively influence society by providing opportu- 
nities for learning, empowerment, enjoyment of nature, social engagement 
or enhanced scientific capital (see Edwards et al. in this volume). Ideally, 
therefore, citizen science can contribute to good citizenship and, in turn, 
progressive societies. 

Collaboration with members of society also offers the opportunity 
for scientists to make their research more relevant and to extend its impact. 
Citizen science practitioners are given the chance to become ambassadors 
for science (Druschke & Seltzer 2012) as they interact directly with mem- 
bers of society while at the same time benefiting from participants’ exper- 
tise, knowledge and engagement. This brings the need for new forms of 
science communication in citizen science to better integrate collective 
science, society and policy aims and ambitions whilst the level of public 
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collaboration and direct interaction varies considerably across citizen sci- 
ence projects (see Haklay; Novak et al.; Gold & Ochu, all in this volume) 
and needs to be considered accordingly. 

One way in which practitioners and researchers are furthering the 
influence of citizen science is through the creation of dedicated associa- 
tions, such as those in the United States, Europe, and Australia (Storks- 
dieck et al. 2016). Similar needs can also be seen among practitioners at 
research universities (Wyler & Haklay in this volume). These new organ- 
isations and structures act as catalysts that allow communication with 
policymakers, as well as a forum for discussion among practitioners. 


Open science and citizen science 


‘Open science’ and ‘open-access’ approaches are at the forefront of new 
frameworks for research and innovation (see European Commission 
2016c). Citizen science is recognised as an important element in the con- 
ceptualisation of open science, which has gained importance as part of 
the rethinking of how science relates to wider societal goals. Open sci- 
ence is a framework for how scientists interact with one another and how 
the public engages with, and is engaged in, science (European Commis- 
sion 2016c). Open science engages with issues such as accessible data 
and publications, open evaluation and policies as well as developing its 
own tools. This includes open access, which is driven by the understand- 
ing that publicly funded research should be accessible to all members of 
society. The open science imperative of sharing information and results 
from publicly funded research has led to the promotion of the open 
access publication model (where scientific publications are freely availa- 
ble rather than subject to expensive subscription rates) as well as open- 
data repositories (where datasets are made freely available to other 
potential users). 

Citizen science has a role to play in both the open science and open- 
access movements, and is in turn driven by them. The call for open-access 
research publication resonates with citizen science. Without it, mem- 
bers of the public who participate in research may well be deprived of 
the fruits of their participation, and without access to (other) research 
literature, citizens may not be equipped to conduct or analyse their own 
research. 

However, citizen science means going beyond publishing data and 
results. Arguably, it is changing the way that science is done by opening 
up research throughout the process; from idea generation and planning 
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to conducting the research and disseminating outputs (see Haklay in this 
volume). Citizen science also tends to call for open science communica- 
tion in which multiple forms of media are used throughout the research 
process. Collaboration with the mass media in particular further demands 
novel forms of partnerships and could lead to a different approach to 
news-making (see Hecker et al. ‘Stories’ in this volume). 

Citizen science is therefore both an aim and an enabler of open sci- 
ence (see Smallman in this volume). It contributes to open science by 
involving citizens in research, opening up the process of creating new 
knowledge through participation. In turn, this produces greater under- 
standing of science through open information and communication. 
Engagement in citizen science can also stimulate active participation in 
policy-making. 


Scope of this volume 


This volume discusses the current and potential future contribution of citi- 
zen science and scientific innovation to a more productive and open sci- 
ence-society-policy interface. The chapters identify experience-based 
solutions that could be applied in different contexts. The emphasis is on 
identifying solutions to promote a vibrant citizen science community by 
bringing together major stakeholders and individuals to improve research, 
understanding and engagement in society, policy, education, innovation 
and academia. 

Previous edited volumes have considered the value of citizen science 
in environmental research (Dickinson & Bonney 2012), the potential for 
citizen science to bridge the science-society gap (Cavalier & Kennedy 
2016), and how citizen science can advance research through knowledge 
acquisition and transfer (Ceccaroni & Piera 2017). However, this volume 
adds to the discussion in that it focuses on the value of citizen science for 
informing policy whilst also contributing to education, scientific knowl- 
edge and societal organisation. The collective imperative is to understand 
and shape a world characterised by accelerated change and multiple grand 
challenges across the policy landscape. 


Structure and content of this volume 


The volume is structured in five main sections dedicated to the innova- 
tive potential of citizen science for science, policy and society. It also 
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includes a section dedicated to case studies illustrating best practice 
examples. 


SectionI: Innovation in citizen science — setting the scene 

Section II: Innovation in science with and for society 

Section IIa: Case studies 

Section III: Innovation at the science-policy interface 

Section IV: Innovation in technology and environmental 
monitoring 

Section V: Innovation in science communication and education 


The chapters provide up-to-date scientific background information and 
show the variety of citizen science research from the natural to the social 
sciences, covering its practical application and technology design. Some 
chapters provide applications of citizen science in various contexts illus- 
trated with case studies; others reflect on citizen science theory and con- 
cepts and their application. 

This book is mainly written from a European perspective as the idea 
for the volume originated at the First European Citizen Science Confer- 
ence held in Berlin, Germany, in 2016 (see Hecker et al. ‘Innovation in 
Citizen Science’ 2018). At the same time, the book includes international 
perspectives (see figure 1.1 for the global network of contributing authors) 
and authors were encouraged to include international case studies and, 
where appropriate, enlarge their insights and conclusions to a wider 
view. Throughout, the chapters offer critical reflection, guidance and best 


Fig. 1.1 Global network of contributing authors to this volume (lines 
indicate connections between co-authors) 


CITIZEN SCIENCE 


practice examples of citizen science that can be applied to international 
contexts. 


Section |: Innovation in citizen science - setting the scene 


The first section sets the scene by introducing key elements for innovation 
in citizen science, including standards to ensure high-quality research 
approaches; integration with, and contribution to, science; the nature of 
participation; supporting technology and infrastructures; and evaluation. 

As baseline for citizen science projects, Robinson et al. identify and 
explain the Ten Principles of Citizen Science as the product of interna- 
tional collaboration within the citizen science community. The ten prin- 
ciples present a framework of standards to foster excellence in all aspects 
of citizen science. Focusing on the innovative potential of citizen science, 
Shirk and Bonney highlight the strengths of citizen science for data col- 
lection, processing capacity, public engagement and policy. They then 
apply their expertise to highlight scientific innovations emerging in dif- 
ferent research contexts. 

Haklay casts light on the nature and relevance of participation in 
science-linked decision-making, with useful lessons for policy-making pro- 
cesses and their participants. He advocates for a differentiated under- 
standing of engagement in citizen science and identifies different types of 
participation according to participants’ knowledge and engagement lev- 
els. Brenton et al. explain how the important revolution in information 
technology infrastructures enables and supports citizen science. They 
provide guidance on how to select and use appropriate digital tools, so that 
data is fit for purpose and can be used to meet existing demands, for exam- 
ple, also by government agencies. Kieslinger et al. provide an open frame- 
work for evaluating citizen science projects. The evaluation criteria they 
identify apply both to the process and outcomes of citizen science projects. 


Section Il: Innovation in science with and for society 


Focussing on relevant and up-to-date topics in innovation in science, with 
a special focus on society, contributions in section II address how citizen 
science is embedded in science. It addresses questions such as: How can 
citizen science lead to empowerment and enhance scientific literacy to 
benefit individuals, communities and society? What is the potential for 
inclusive participation across society, especially when citizen science 
involves individuals and communities typically left out of science and 
policy-making? What are the innovation opportunities and challenges 
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where support is needed, both technically and socially? And how can 
citizen science best be integrated at the science-society interface of the 
higher education system? 

The chapter on citizen science studies by Mahr et al. reflects upon 
the many heterogeneous projects, methodologies and communities 
aiming to co-produce reflexiveness and dialogue between citizen science 
practitioners and researchers. In a highly topical work, Danielsen et al. 
discuss the inclusion of indigenous and local knowledge (ILK) in citizen 
science for science-based land management and its mutual benefits for 
participants and science. The chapter also explains the relevant conditions 
for knowledge exchange with indigenous communities in management 
and decision-making in the research process. Novak et al. discuss differ- 
ent forms of citizen engagement in participatory digital social innovation 
related to do-it-yourself (DIY) science and participatory citizen science, 
and illustrate common challenges and experiences. The chapter also sit- 
uates new knowledge in participation models framed by democratic and 
economic discussions. The following chapter by Gold showcases creative 
collaboration in citizen science and the evolution of ThinkCamp events. It 
draws useful conclusions for further similar activities. Closing the section, 
Wyler and Haklay discuss the potential of citizen science to be integrated 
into university research and the related opportunities and challenges. 
Their chapter points to a template for achieving such an integration in 
the service of civil society. 


Section lla: Case studies 


To illustrate citizen science and its various formats and capacity-building 
initiatives, this section presents four case studies in more depth to be read 
alongside case studies presented in the chapters themselves (see table 1.1). 
The case studies in this section aim to highlight citizen science projects 
from a broader geographic range. Two cover different geographical areas 
and the other two address different topics of global importance. 

The case study by Li provides several examples to illustrate activi- 
ties within the spectrum of citizen science on the Chinese mainland. Public 
participation in China is becoming a growing movement supported by 
IT technologies and greater interest in citizen science. The multilingual 
landscape of citizen science in Europe is the focus of the snapshot by 
Hecker et al., presenting results of the first European explorative sur- 
vey on citizen science projects as a baseline for the European Open Sci- 
ence monitor. Piera and Ceccaroni present a case study of stakeholder 
engagement around water quality through the Citclops project, offering 
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a framework for understanding and engaging with a variety of stakeholder 
needs that will benefit a wide range of citizen science projects. The fourth 
case study, by Palmer et al., is of the Global Mosquito Alert Consortium. It 
discusses how local projects can engage in mosquito-vector monitoring 
with a range of partners, and also share interoperable data to advance con- 
tinental or even global research in epidemiology, biodiversity and other 
domains. 


Section Ill: Innovation at the science-policy interface 


This section addresses citizen science at the science-policy interface. The 
idea that citizen science can lead to better policy formulation, implemen- 
tation and assessment is critical to this volume. Contributions here relate 
to questions highly relevant to policy: What are the opportunities for citi- 
zen science to feed into better decision-making? What are the synergies 
and opportunities brought by the science policy priorities of Responsible 
Research and Innovation (RRI), open science and citizen science? What 
are the benefits and challenges of citizen science for nature conserva- 
tion? And in terms of the bigger picture, how can these benefits and chal- 
lenges be addressed by strategic developments and feed environmental 
endeavours? 

Nascimento et al. offer a high-level exploration of the value of citi- 
zen science for empowering citizens while leading to better and more 
transparent governments. They also assess citizen science’s risks. Accord- 
ingly, citizen science is shown as a key means of advancing open science. 
This chapter also references citizen science in action in key areas such as 
biodiversity monitoring and the identification and monitoring of alien spe- 
cies. Promoting empowerment and behaviour change are identified as 
key benefits of citizen science. Smallman introduces the concept of RRI 
as a cross-cutting theme of the EU’s Horizon 2020 programme that can 
be used to align the priorities of scientists, policymakers and the public 
at large. This chapter is important in the context of the current post-factual 
discourse, which underplays science and the related need to balance sci- 
entific objectivity with the competing challenges of market-friendly or 
politically derived claims in the name of science. Historically, citizen sci- 
ence has been particularly valuable in shaping conservation policy and 
monitoring outcomes, as demonstrated by Ballard et al. This chapter dis- 
cusses how and why citizen science can contribute to beneficial social and 
environmental outcomes. Richter et al. discuss the challenges and bene- 
fits of capacity-building programmes that have developed in Europe with 
citizen science in mind. They highlight the need to build citizen science 
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projects in line with the five main steps of capacity-building: identifying 
and engaging different actors; assessing capacities and needs for citizen 
science in context; developing visions, missions and action plans; build- 
ing resources such as websites and guidance, and considering implemen- 
tation and evaluation. Parker and Owen show the increasing importance 
of citizen science for environmental monitoring and its use for Environ- 
mental Protection Agencies (EPAs) in Europe and the United States. They 
discuss the accompanying needs and challenges, illustrated through four 
case studies. Finally, they point to citizen science as having the potential 
to transform environmental protection through work with government 
agencies to generate knowledge and find solutions. 


Section IV: Innovation in technology and 
environmental monitoring 


Chapters in section IV discuss technologies for citizen science and envi- 
ronmental monitoring. In doing so, they address the following questions: 
How can digital technologies be harnessed to enhance citizen science 
participation and delivery? What policy and technical solutions can mobile 
sensor technology offer citizen science? How is data quality ensured, and 
how can different protocols for ensuring data quality be developed and 
applied to support fitness for purpose in research and policy deliverables? 
How can this contribute to advances in environmental monitoring in 
accordance with existing and emerging regulations? How can these tech- 
nologies be implemented in monitoring citizen science projects, and what 
are the challenges of doing so? 

Based on assertions that technology will revolutionise the practice 
of citizen science, the first chapter in this section, by Mazumdar et al., 
reviews a wide range of technologies available for data collection, data 
analysis and improving the citizen science experience through new oppor- 
tunities for interactive participation. One particularly important area of 
consideration pertains to data standards. Williams et al. discuss the role 
of standards and open data for promoting interoperability and therefore 
the reuse of data, especially when information is contextualised with 
metadata that is accurate and up-to-date. Low-cost tools and data stand- 
ards are also important to the EPAs discussed by Volten et al., who note 
that agencies increasingly utilise small-sensor networks for environmen- 
tal monitoring. As explained by Schroer et al., technologies such as mobile 
applications and co-ordinated, interoperable activities are critical to mon- 
itoring artificial light pollution and understanding the impacts on human 
health and the biosphere. 
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Section V: Innovation in science communication and education 


Section V focuses on citizen science innovation in science communication 
and education. Relevant questions to this topic are: How should primary, 
secondary and tertiary education and further training opportunities be 
addressed to optimise citizen science knowledge and participation? Can 
citizen science benefit learning across different ages and stages in indi- 
vidual learning curricula? How can communication in citizen science 
improve policy impact? What opportunities and challenges does citizen 
science provide for scientists collaborating with the media? 

Reflecting on learning, education and empowerment through citi- 
zen science, Peltola and Arpin discuss the need to apply effective tech- 
niques in citizen science to ensure inclusiveness for less experienced or 
privileged participants. Edwards et al. offer a societal perspective discuss- 
ing the potential of citizen science to create science capital as part of the 
relationship between people’s dispositions towards science, participa- 
tion in science-related activities and science-related outcomes, including 
learning. Makuch and Aczel provide insights into the effects of engaging 
children in science on their learning processes and understanding of 
science, as well as on safeguarding the environment. Following this, 
Harlin et al. discuss the opportunities and challenges of using citizen 
science in schools, both through theoretical reflection and practical 
case study. Sforzi et al. focus on the role of natural history museums as 
another form of societal institution and a traditional space for two-way 
learning and education. These organisations offer new opportunities 
and formats for participant engagement in the contemporary develop- 
ment of citizen science as a network and research field. In the closing 
chapter, Hecker et al. assess the innovative potential, limits and opportu- 
nities for science communication in citizen science through case and best 
practice studies from Europe and New Zealand. They highlight opportu- 
nities to engage the public via techniques including storytelling and visu- 
alisation. 


Outlook 


This volume demonstrates that citizen science is growing, both in terms 
of the number of projects and the volume of peer-reviewed research 
generated from these activities. This trend will continue along with the 
increasing influence of citizen science on policy agenda-setting, forma- 
tion, implementation and assessment. Citizen science communities of 
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practice are at the same time becoming increasingly formalised through 
associations, including established organisations in the United States (the 
Citizen Science Association — CSA), Europe (the European Citizen Sci- 
ence Association — ECSA) and Australia (the Australian Citizen Science 
Association — ACSA). Nascent networks are also emerging in other 
regions, including in Africa and Asia, with the intent of creating asso- 
ciations to convene researchers and practitioners in these areas. 

Much of citizen science has been driven by immediate interest and 
curiosity as well as the practical need to develop science and provide evi- 
dence for the policy arena. Greater understanding of the impacts of citi- 
zen science in the field of open science and policy is now starting to emerge 
and is underpinned by sound evidence. In this way, we can build on a 
stronger understanding of the drivers of citizen science for success. 

The conclusion to this volume draws on findings by all chapters and 
synthesises them to offer recommendations for citizen science practi- 
tioners, researchers, educators and policymakers to develop the field of 
citizen science and advance innovation in open science, society and 
policy. 

Ata time in history in which society faces unprecedented grand chal- 
lenges which require informed, inclusive policy responses across our 
nations, this book aims to provide a further catalyst for discussions and 
collaboration among organisations, scientists, practitioners and other 
stakeholders that are interested in and will gain from citizen science. 
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Innovation in citizen science - 
setting the scene 
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Highlights 


° The Ten Principles of Citizen Science were developed by an interna- 
tional community of citizen science practitioners and researchers to 
set out their shared view of the characteristics that underpin high- 
quality citizen science. They are currently available in 26 languages. 

e The Ten Principles provide a framework against which to assess 
new and existing citizen science initiatives with the aim of foster- 
ing excellence in all aspects of citizen science. 

e At a time when citizen science is rapidly expanding but not yet 
mainstreamed within traditional research or policy processes, the 
Ten Principles provide governments, decision-makers, researchers 
and project leaders with a common set of core principles to consider 
when funding, developing or assessing citizen science projects. 


Introduction 


Citizen science is a flexible concept that has been adapted and applied 
within diverse situations and disciplines. The rapid expansion of citizen 
science programmes globally presents researchers and citizen science 
practitioners with incredible opportunities as well as a challenge: creating 
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cohesion and identifying a common purpose globally, whilst also sup- 
porting and enhancing the further expansion, independence, creativity 
and bottom-up nature of citizen science. Networks such as the global Citi- 
zen Science Association (CSA), the European Citizen Science Association 
(ECSA) and the Australian Citizen Science Association (ACSA) provide 
forums for the exchange of knowledge and ideas, identification of shared 
goals, networking and developing best practice. In 2015, the ECSA work- 
ing group on ‘Sharing best practice and building capacity for citizen science’ 
developed a document outlining Ten Principles of Citizen Science. Draw- 
ing from the collective experiences of many ECSA members, this series 
of statements set out the key principles which ECSA believes underlies 
good practice in citizen science, regardless of the academic discipline or 
cultural context in which it is applied. Used internationally and currently 
available in 26 languages, the Ten Principles of Citizen Science provide 
an important starting point for discussion and debate. This chapter intro- 
duces the Ten Principles and their development. It gives examples of good 
practice and explores how the Principles may challenge current work- 
ing practices to drive excellence in citizen science, maximising the bene- 
fits for science, citizen scientists and wider society. Finally, the chapter 
considers the policy and innovation potential of the Ten Principles in a 
rapidly expanding and diversifying field. 


Developing the Ten Principles of Citizen Science 


The ECSA working group on ‘Sharing best practice and building capacity 
for citizen science’ is chaired by the Natural History Museum London and 
its members come from universities, natural history museums and not- 
for-profit organisations, representing researchers, citizen science practi- 
tioners and networking or co-ordination bodies (see also Sforzi et al. in 
this volume about the role of museums in citizen science). The working 
group aims to facilitate the exchange of knowledge, experience, innova- 
tion and lessons learned in the field of citizen science, both within and 
beyond the ECSA membership. The group’s first task was to develop a 
series of principles or characteristics that underpin responsible and 
impactful citizen science projects, with the aims of supporting those new 
to citizen science to deliver high-quality projects and providing a bench- 
mark against which to examine existing citizen science programmes. 
These became the Ten Principles of Citizen Science and were designed to 
be applicable across a broad spectrum of citizen science activities. 
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Box 2.1. The Ten Principles of Citizen Science 


(for other languages see https://ecsa.citizen-science.net/engage-us 
/10-principles-citizen-science) 


1. Citizen science projects actively involve citizens in scientific 
endeavour that generates new knowledge or understanding. 
Citizens may act as contributors, collaborators or as pro- 

ject leaders and have a meaningful role in the project. 

2. Citizen science projects have a genuine science outcome. 

For example, answering a research question or informing 
conservation action, management decisions or environmental 
policy. 

3. Both the professional scientists and the citizen scientists 
benefit from taking part. 

Benefits may include the publication of research outputs, 
learning opportunities, personal enjoyment, social benefits, sat- 
isfaction through contributing to scientific evidence, for exam- 
ple, to address local, national and international issues, and 
through that, the potential to influence policy. 

4. Citizen scientists may, if they wish, participate in multiple 
stages of the scientific process. 

This may include developing the research question, design- 
ing the method, gathering and analysing data, and communi- 
cating the results. 

5. Citizen scientists receive feedback from the project. 

For example, how their data are being used and what the 
research, policy or societal outcomes are. 

6. Citizen science is considered a research approach like any 
other, with limitations and biases that should be considered 
and controlled for. 

However unlike traditional research approaches, citizen 
science provides opportunity for greater public engagement and 
democratisation of science. 

7. Citizen science project data and metadata are made publicly 
available and where possible, results are published in an 
open-access format. 

Data sharing may occur during or after the project, unless 
there are security or privacy concerns that prevent this. 


(continued) 
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8. Citizen scientists are acknowledged in project results and 
publications. 

9. Citizen science programmes are evaluated for their scientific 
output, data quality, participant experience and wider soci- 
etal or policy impact. 

10. The leaders of citizen science projects take into consideration 
legal and ethical issues surrounding copyright, intellectual 
property, data-sharing agreements, confidentiality, attribu- 
tion and the environmental impact of any activities. 


Developed between 2013 and 2015, the scope and structure of the 
Ten Principles were initially informed by reference to existing sets of 
principles from related disciplines (European Commission 2008; Wing 
2014). A longlist of potential principles was generated by working group 
members before being rationalised and distilled to the 10 most universally 
applicable. These were presented for consultation with ECSA members 
and the wider citizen science community multiple times over two years at 
ECSA General Assemblies, via the ECSA website, e-newsletter and a pop- 
ular blog written by an ECSA Steering Committee member, with iterative 
feedback and edits throughout this time. This extensive feedback pro- 
cess led to the Principles becoming more universal (relevant to a diversity 
of disciplines, projects and audiences), actionable (rather than theoreti- 
cal), inclusive of individual, societal and policy outcomes, and targeted 
towards citizen science practitioners (rather than citizen scientists or poli- 
cymakers). The length of each core Principle was shortened but clarifica- 
tion statements were added to each. 

The Ten Principles of Citizen Science were published on the ECSA 
website in September 2015 (see box 2.1). At the time of writing, the Ten 
Principles of Citizen Science have been translated by ECSA members into 
26 languages to make them accessible to non-English speakers, and this 
continues to expand. 


Global impact of the Ten Principles of Citizen Science 
No systematic review has yet been conducted to measure the extent of use 


and impact of the Principles, but ECSA headquarters and the working 
group are recording known uses to create a bank of case studies. To date, 
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Fig. 2.1 The Museo di Storia Naturale della Maremma (Natural 
History Museum of Maremma, Italy) displays the Ten Principles of 
Citizen Science in their ‘Citizen Science Corner’ gallery to inspire 
visitors to participate in local projects. (Source: © Andrea Sforzi) 
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Box 2.2. Case study: How the Ten Principles of Citizen Science 
informed a US policy brief 


Dr Lea Shanley 


The US Federal Community of Practice for Crowdsourcing and 
Citizen Science (CCS) is a self-organised grassroots group of more 
than 350 federal employees representing 60 federal organisa- 
tions. It seeks to expand and improve the US government’s use of 
crowdsourcing, citizen science and public participation techniques 
to enhance agency missions and to improve scientific and societal 
outcomes. 

In 2015, the CCS leadership worked closely with the White 
House Office of Science and Technology Policy to help shape a pol- 
icy memo that would guide and encourage the use of these open 
science and innovation approaches across the federal government. 
Drawing from the Ten Principles of Citizen Science, the CCS lead- 
ership incorporated three core principles into the text of the 
memo. The memo (Office of Science and Technology Policy 2015) 
was released on 30 September 2015 as part of the White House’s 
Forum on Citizen Science (Gustetic, Honey & Shanley 2015), 
co-organised by the CCS. 

The principles detailed in the memo emphasised openness, 
accessibility, meaningful participation and recognition for contri- 
butions to ensure that the use of citizen science and crowdsourcing 
‘is appropriate and leads to [the] greatest value and impact’ (Office 
of Science and Technology Policy 2015). The White House memo 
directs agencies to adhere to three principles, summarised as: 


e Data quality: Data collected are credible, usable and fit for 
purpose; 

e Openness: Datasets, code, applications and technologies used 
are transparent, open and available to the public, consistent 
with applicable intellectual property, security and privacy 
protections; and 

e Public participation: Participation should be fully voluntary, 
volunteers should be acknowledged for their contributions 
and should know how their contributions are meaningful to 
the project and how they, as volunteers, will benefit from 
participating. 
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the Ten Principles have been used in a wide variety of settings, including 
to inform further development of best practice guidelines for citizen 
science (including League of European Research Universities 2016; see 
also Wyler & Haklay in this volume), on Wikipedia to set out ethical con- 
siderations in citizen science (Wikipedia 2017), in public-facing museum 
displays about citizen science (figure 2.1) and to inform government 
policy, as in the case study of a US White House policy memo described 
in box 2.2. 


Implementing the Ten Principles of Citizen Science: 
Successes and challenges 


The Ten Principles of Citizen Science are intended to both support and 
challenge the citizen science practitioner community. Whilst some Prin- 
ciples are implemented within every citizen science project, others are 
more challenging to incorporate and require a greater investment of 
time and resources to fulfil. This section examines each Principle in turn, 
assessing the extent to which the citizen science community is currently 
meeting it and identifying where there are opportunities to improve 
practice. The chapters in this volume explore many of these themes in 
greater depth. 


1. Citizen science projects actively involve citizens in scientific 
endeavour that creates new knowledge or understanding. 


At the heart of all citizen science projects is the involvement of citizens in 
real scientific endeavour. Whilst this Principle refers to scientific endeav- 
our in particular, there are many ‘citizen science’ projects focusing on 
other disciplines including the arts, geography and social history (see 
www.zooniverse.org/projects for a range of examples; and see also Mahr 
et al. in this volume). With many thousands of projects active globally 
(SciStarter [2017] lists over 1,500 projects) this represents millions of citi- 
zen scientists (Roy et al. 2012; Theobald et al. 2015). These impressive 
levels of participation notwithstanding, citizen science initiatives tend to 
be less successful at engaging communities that are historically under- 
represented in science, including (but not limited to) certain minority 
ethnic groups and people from lower socioeconomic backgrounds (Pan- 
dya 2012; West, Pateman & Dyke 2016; West & Pateman 2016; see also 
Peltola & Arpin; Haklay; both in this volume). Significant opportunities 
remain to collaborate with a greater diversity of participants that are truly 
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reflective of wider society and that also bring new and different knowl- 
edge (Danielsen et al. in this volume). Guidance on how project leaders 
may approach this is emerging (Pandya 2012; Ruzic et al. 2016), and 
new formats can be found to engage in person (Gold & Ochu in this vol- 
ume) or through digital technologies (e.g., Novak et al. in this volume). 
The widening participation agenda is not unique to citizen science and 
is likely to require a range of long-term changes to be successful, includ- 
ing (but not limited to) greater flexibility in the range of opportunities 
available, for example, time commitment and prior skills required (see 
Haklay in this volume), new approaches to publicity and recruitment of 
participants, language translation of project materials and more partici- 
patory project development to ensure project activities and community 
priorities are better aligned (West & Pateman 2016). 


2. Citizen science projects have a genuine science outcome. 


This is what distinguishes citizen science from pure education and out- 
reach programmes. Citizen science projects — while also serving learning 
goals (see e.g., Edwards et al.; Harlin et al.; Makuch & Aczel, all in this 
volume) — are increasingly resulting in research publications in a wide 
range of discipline-specific journals, with the number of peer-reviewed 
publications growing rapidly year on year (Follett & Strezov 2015). Sci- 
ence outcomes delivered by citizen science may also include the develop- 
ment of scientific specimen collections, for example for natural history 
museums (Sforzi et al. in this volume), tracking progress towards global 
biodiversity targets (Chandler et al. 2017), implementing changes to sci- 
ence policy and achieving conservation outcomes (see Ballard et al. 2017 
for examples). However, there are still some projects that do not use the 
data collected for scientific purposes, thereby failing to realise the scien- 
tific benefits of the project. For example, biological records collected at 
15 per cent of the BioBlitz events surveyed in the UK were not passed on 
to recommended data repositories (Postles & Bartlett 2014). This may 
be due to lack of staff or financial resources to publish the findings and 
attain other scientific outputs, uncertainty over the quality of the data, or 
poor study design resulting in data unsuited to the scientific need. A 
strong motivation to harness the public engagement benefits of citizen 
science can also lead to scientific rigour being compromised (see Lakeman- 
Fraser et al. 2016 for a discussion of this trade-off). However, achieving 
and maximising science outcomes from citizen science projects is a cor- 
nerstone of this field and an essential element in maintaining trust with 
the citizens that participate. 
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3. Both the professional scientists and the citizen scientists 
benefit from taking part. 


To be sustainable, citizen science must be mutually beneficial for all par- 
ties involved. Benefits may be wide ranging, including scientific outcomes 
(Shirk & Bonney in this volume), social interaction, improved well-being, 
career development, learning and empowerment (e.g., Bela et al. 2016; 
Haklay in this volume; Edwards et al. in this volume). Whilst a limited 
number of resources exist to support the measurement and identification 
of these benefits (Phillips et al. 2014; Blaney et al. 2016), a broad evidence 
base of the benefits of participating in citizen science for all parties is lack- 
ing. Literature examining the impacts of citizen science has focused 
attention on the scientific or educational impacts (see Silva et al. 2016). 
In order for all parties to benefit, parity or overlap in their expectations 
and motivations for participating is required. West and Pateman (2016) 
provide a review and guidance on identifying and meeting citizen scien- 
tists’ motivations, and Geoghegan et al. (2016) examine the motivations of 
participants and other stakeholders (see also Richter et al. in this volume). 
These reviews indicate that the numerous motivations for participating 
should be considered throughout the project lifecycle; ultimately, long- 
term project success depends on all stakeholders reaping the benefits. 
Researchers from other disciplines, including those from the social sci- 
ences (see also Mahr et al. in this volume), are encouraged to collaborate 
with citizen science programme leaders to gather more evidence on the 
benefits a citizen science approach offers for all involved. 


4. Citizen scientists may, if they wish, participate in multiple 
stages of the scientific process. 


The dominant method for engaging the public in scientific research is the 
‘contributory’ method, where the public solely collect and submit data to 
research projects. However, the citizen science community recognises that 
a multitude of benefits is likely if the public is more deeply involved in sci- 
entific research, through ‘collaborative’ and ‘co-created’ methods (for an 
example of the latter, see Collins 2016; see also Novak et al. in this vol- 
ume). Involving participants in more stages of the research process can 
foster a greater sense of ownership for the participants, and benefit the 
research by incorporating local knowledge and expertise (Corburn 2007). 
However, little is published on the practice and impacts of collaborative 
and co-created citizen science, and additional research and sharing of 
evaluations in this area would be welcome. Some pressing questions 
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include: What do the different citizen science approaches (contributory, 
collaborative and co-created) achieve for science and for citizens? How 
can collaborative or co-created projects be run at a large scale whilst main- 
taining a close personal connection between the scientists and partici- 
pants? And how can citizens be actively supported to participate in aspects 
of the scientific process beyond data collection and processing? 


5. Citizen scientists receive feedback from the project. 


There are many ways of giving feedback to volunteers, for example via 
social media, websites, maps, e-newsletters, celebratory events, blogs and 
meet-ups. Good feedback brings many benefits. It shares the outcomes of 
the science, justifies why people spent their time on the project, encour- 
ages repeat participation (Segal et al. 2015), explains the science research 
in more detail, and creates a personal connection between the citizen sci- 
entists and the project/research team (Rotman et al. 2012). It is also a way 
of showing participants that their contribution is recognised; an impor- 
tant feature for many (Rotman et al. 2012). There is evidence that feed- 
back is a motivator for more participation (Singh et al. 2014), and there is 
great potential for project leaders to both speed up and improve the qual- 
ity of their feedback, for example, by making it more personalised. Tools 
such as Natural Language Generation are being developed to automate 
the process of giving instant, personalised feedback (see, for example, 
Wal et al. 2016), helping project leaders to better manage large-scale 
communication with participants. 


6. Citizen science is considered a research approach like any other, 
with limitations and biases that should be considered and 
controlled for. 


Citizen-collected data are still sometimes criticised for being of lower 
accuracy, biased or of uncertain quality, which limits their use for many 
scientific purposes (see Williams et al. in this volume). However, in many 
cases, citizens gather data that are of equal quality to professionally col- 
lected data (Lewandowski & Specht 2015; Kosmala et al. 2016) and all 
data, including those collected by professional scientists, have an error 
rate or some degree of variation between observers. Citizen science pro- 
ject leaders have a responsibility to control, measure and report data 
quality and quality assurance procedures, to demonstrate the validity 
and reliability of the data (for discussion, see Williams et al. in this vol- 
ume). Innovations in technology can support data validation and verifica- 


CITIZEN SCIENCE 


tion in environmental monitoring, for example Mazumdar et al., Volten 
et al., Schroer et al., all in this volume. A citizen science approach, how- 
ever, will not be appropriate for all research questions and the ‘Choosing 
and Using Citizen Science’ guide supports researchers in making this 
assessment (Pocock et al. 2014b). 


7. Citizen science project data and metadata are made publicly 
available and where possible, results are published in an open- 
access format. 


Citizen science is an example of open science — a movement within the 
academia to make science research, data and outputs accessible to all. 
Whilst the principles of open science are welcomed within the citizen 
science community (both CSA and ECSA have working groups on open 
data; see Smallman et al. in this volume), in practice there is still a long 
way to go. This situation is not unique to the field of citizen science but is 
found across the sciences where time, resources, infrastructure and 
incentives are not always available to support open-data sharing (Ten- 
opir et al. 2011). There have been many successes in the global sharing 
of citizen science data (for example Chandler et al. 2017) but still too few 
citizen science projects give participants direct access to the resulting data- 
set, and few project websites clearly describe if/how data will be shared 
with national and international databases. Cleaning, formatting and 
archiving data requires resources and infrastructure, and this vital step 
must be planned into project timescales and funding at the outset. The 
time lag between data collection and the publishing of results in aca- 
demic journals remains a challenge for citizen science projects where 
participants may have to wait several years to see the ‘final results’ of the 
project. Researchers may also have to navigate data embargoes, a lack 
of institutional repositories for datasets and open-access publishing fees 
(Tenopir et al. 2011). However, new technologies and increased availa- 
bility of repositories for data and publications are making this process 
ever easier, and the opportunities afforded by opening up citizen science 
data are significant. There may also be a role for citizen science, and citi- 
zen scientists, in the wider sharing of project outputs and findings within 
and beyond the research community using non-traditional approaches. 
This could include non-science outlets such as local newspapers, NGO/ 
association newsletters, special interest journals (e.g., gardening/angling 
magazines) or online communication and visualisation through story 
telling (Hecker et al. ‘Stories’ in this volume). 
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8. Citizen scientists are acknowledged in project results 
and publications. 


The contributions of citizen scientists are usually recognised throughout 
the lifetime of a project via project communications, the awarding of badges 
or certificates, events and many other routes. However, this does not always 
carry through to more academic project outputs. Acknowledging citizen 
scientists in project publications and other academic outputs is relatively 
easy to achieve but often overlooked. The volunteer hours donated to any 
given project are significant and should be celebrated! Appropriate levels 
of acknowledgement will vary by project and participant role, but — as a 
minimum — a generic thank you statement covering all volunteers should 
be included in publications and presentations wherever possible. Acknowl- 
edging large numbers of participants individually has been known, for 
example Lee et al. (2014) included 37,000 co-authors in their published 
paper on the EteRNA project, and whilst this is a rather extreme example, 
acknowledging individual participants may be appropriate where they 
have given significant input to a project (although data protection and eth- 
ical issues should be considered when disseminating personal information 
of participants). Data papers listing all contributors can also be published 
in data journals (e.g., http://www.forschungsdaten.org/index.php/Data 
_Journals), which can be cited in subsequent analyses and publications. 


9. Citizen science programmes are evaluated for their scientific 
output, data quality, participant experience and wider societal 
or policy impact. 


Project evaluation is typically under-resourced, and as a result, some 
outcomes of citizen science projects are not fully identified, measured or 
reported (Ballard et al. 2017), despite potentially significant scientific, 
societal, policy, community and individual outcomes. Time constraints, a 
lack of established evaluation criteria (but see Kieslinger et al. in this vol- 
ume) and a lack of understanding and confidence in how to conduct evalu- 
ation may prevent practitioners from collecting evidence of their successes 
and failures (for an example of this within environmental education, see 
West 2014). Training in evaluation methods and prioritisation of evalua- 
tion as part of the project delivery process would assist in collecting this 
evidence, as would greater interdisciplinary collaborations with academics 
in the social sciences and education fields to study the wider impacts and 
outcomes of participation in citizen science (see Mahr et al. in this volume). 
Research focused on the learning outcomes of citizen science is growing 
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and some supporting resources for project leaders already exist, including 
practitioner guides (e.g., Phillips et al. 2014) and academic literature, in 
particular the new journal Citizen Science: Theory and Practice (Bonney, 
Cooper & Ballard 2016), which provides a route for project leaders to 
share tools and strategies for evaluation and learning research. Societal 
and policy impacts are equally as important as research and education out- 
comes, as citizen science projects can provide substantial input to policy 
formulation and implementation (Nascimento et al.; Owen & Parker, both 
this volume). Evaluation needs to consider this adequately even though 
such indirect impacts may at times be hard to assess. The citizen science 
community should therefore be encouraged to prioritise evaluation, 
including sharing details of less successful ventures, because the field can- 
not advance rapidly and effectively without self-reflection. 


10. The leaders of citizen science projects take into consideration 
legal and ethical issues surrounding copyright, intellectual property, 
data-sharing agreements, confidentiality, attribution and the 
environmental impact of any activities. 


Involving volunteers in any activity requires careful consideration for their 
health and well-being, their rights as individuals and an awareness of the 
power balance between volunteers and other parties involved in any given 
project. Resnik, Elliott and Miller (2015) provide a useful framework for 
addressing ethical issues in citizen science, and the CSA supports a work- 
ing group on ethics. Many citizen science projects involve online activity, in 
which participants register for an online account, submit personal details 
about themselves, upload and share images and other content to which 
they hold the intellectual property, and collaborate with others. The gath- 
ering, processing and sharing of these types of data must be approached 
sensitively and with an understanding of the legal and ethical implications 
(see also Williams et al. in this volume). This may be a particularly sensi- 
tive issue in projects that deal with medical data (see Hoffman 2014 for an 
analysis of the benefits and risks). Scassa and Chung (2015b) provide a 
useful guide for considering intellectual property rights in citizen science 
projects and Bowser and Wiggins (2015) address privacy issues. 


Conclusion 


At a time when citizen science is rapidly expanding but not yet main- 
streamed within traditional research or policy processes, the Ten Principles 
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provide governments, decision-makers, researchers and project leaders 
with a common set of core principles to consider when funding, devel- 
oping, implementing or assessing citizen science projects/programmes. 
Imposition of a top-down set of standards for citizen science would be 
incongruent with its naturally bottom-up, flexible nature, but the Ten 
Principles may nonetheless serve the same aim of promoting excellence 
in science research, environmental protection, and public engagement 
and active involvement in the scientific and policy processes. Strategic 
national and international developments (see box 2.2 and Richter et al. 
in this volume) may provide examples and lead to action plans of how 
policymakers could make practical use of the Principles to drive wide- 
spread support for this approach. 

Reviewing the Ten Principles of Citizen Science has highlighted the 
enormous amount of excellent work currently underway in this sector. The 
appetite for sharing good practice and learning lessons from others to 
maximise the benefits for science, policy, society and the individuals 
involved is inspiring. Widening participation, maximising and reporting 
data quality, and ensuring data and publications are made available in 
open-access formats remains challenging for this field. Innovative, non- 
traditional approaches will be required to move beyond the current state 
of the art. Later chapters of this book share some of these innovations and 
it is hoped that the reader finds these, together with the Ten Principles, 
inspiring and instructive. 

In a rapidly moving field, best practice, too, will evolve and develop, 
and in time an 11th or 12th principle may be added to this current suite. 
In particular, developments in the fields of ethics, technologies and open 
data will strongly influence views of ‘best’ practice in coming years. Such 
innovations and advances in the field of citizen science, and the new chal- 
lenges and opportunities they present, are to be welcomed. 
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Highlights 


e Citizen science makes distinct, novel and innovative contributions 
to scientific knowledge and can connect scientific research with 
public engagement to inform policy. 

e Different scientific disciplines are advancing distinct research tech- 
niques, such as computational modelling, to draw useful insights 
from opportunistic datasets and technologies that support new 
approaches to engagement. 

e New scientific knowledge can be gained when citizen science puts 
research in the hands of people who have insights and concerns pre- 
viously not addressed by academia, NGOs or government agencies. 

e Citizen science may be an optimal strategy to address policy priori- 
ties, including indicators and outcomes set by high-profile treaties 
such as the Convention on Biological Diversity. 

e Cross-disciplinary networking can advance innovations and prac- 
tices around concerns shared by all disciplines employing citizen 
science approaches. 


Introduction 


From the Ten Principles of Citizen Science (Robinson et al., this volume), 
we can see that pursuing scientific outcomes is an integral element of 
citizen science. Citizen science can make distinct, novel and innovative 
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contributions to scientific understandings. In doing so, citizen science 
opens both new opportunities and new appreciations for the ways that 
science can engage public insight and conduct policy-relevant research. 
This chapter focuses on the scientific impacts and innovations across the 
diverse field of citizen science. It highlights the general strengths of citi- 
zen science for data collection and processing capacity, public engage- 
ment and policy, then looks to scientific innovations emerging (or in 
some cases being rediscovered) from different disciplinary domains. 

Although the history of citizen science often focuses on environmen- 
tal sciences, a rich tradition of similar research approaches is found in 
disciplines as varied as astronomy, meteorology and public health. Citi- 
zen science is also rapidly expanding across research domains both within 
and beyond the sciences, as a collaborative approach to knowledge build- 
ing (see also Mahr et al. in this volume). As the field of citizen science 
grows, its use continues to advance discovery, foster innovation and 
expand the boundaries of knowledge, which can in turn reveal new ways 
to connect research and public engagement for policy relevance, especially 
when taking the opportunity to explore and connect advancements across 
different disciplines. 


Citizen science as a distinct means of research 


Citizen science depends upon the thoughtful and meaningful engagement 
of the public in scientific investigations. At its core, citizen science draws 
upon the strengths of scientific traditions, employing systematic observa- 
tions and/or enquiries to produce information that can be confirmed by 
others. What sets citizen science apart from other research approaches is 
that it rejects the notion that only credentialed and/or paid scientists can 
take part in, lead or shape how questions are asked, data are collected, 
results are interpreted or findings are used (see also Haklay in this vol- 
ume; Novak in this volume for more on participatory approaches). In 
doing so, citizen science opens up research to public input and insights, 
and through the combination of engagement and rigorous research, it can 
broaden opportunities to inform and influence policy (Vann-Sander, 
Clifton & Harvey 2016). 


Scientific significance: Public engagement has enabled the expansion of 


data collection and data processing capacities (see Wyler & Haklay in 
this volume). In a 2016 article on the game-changing nature of internet- 
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enabled citizen science, Watson and Floridi describe how citizen science 
projects can be designed to enhance the ‘reliability, scalability, and con- 
nectivity’ of information. By engaging tens, thousands, and even millions 
of participants, citizen science can offer both human and statistical power. 
With observers available around the clock and around the globe, citizen 
science can yield observations at unprecedented temporal and geographic 
scales and can produce data of sufficient quality for research (Kosmala 
et al. 2016; and see also Williams et al. in this volume) and for evidence- 
based decision-making (McKinley et al. 2017). Paired with powerful and 
novel computational and modelling techniques, this research approach 
can generate useful insights even when a dataset has known limitations, 
such as gaps in reporting times or species that are challenging to detect 
(Kelling et al. 2015). 

While Watson and Floridi point to the role that technology plays in 
these enhancements, citizen science can be a powerful strategy for dis- 
tributed collaboration without technology and also at much smaller 
scales (see also Peltola & Arpin in this volume; Danielsen et al. in this 
volume). Mobilising a committed corps of 20 volunteers in a watershed, 
for example, can vastly enhance the capacity for local monitoring to 
capture and document events of concern or to have confidence in the 
stability of a system. What is critical in research at every scale is not to 
have the most data, nor even the most precise data, but to have data of 
known quality and data that are fit to purpose (Ellett & Mayio 1990, 23; 
Vaughan et al. 2003). 

The practice of citizen science has also brought new technologies, 
new data analysis techniques and new questions. Citizen science can 
make historic data available for analysis (e.g., Miller-Rushing & Primack 
2008; Ellwood et al. 2016) and can lead to combined datasets accessi- 
ble for wider use (Schmucki et al. 2016; see also Williams et al. in this 
volume). Perhaps most importantly, citizen science puts science in the 
hands of people who have insights and concerns previously not addressed 
by academia or agencies (Ottinger 2016). Citizen science thus provides 
avenues for interrogating topics that have both scientific and social 
relevance — a prime nexus for informing policy (McKinley et al. 2017), 
whether for the environment, health, public safety or any of an increas- 
ing number of topics. 


Public engagement: Scientific advancements through citizen science have 


only been possible because of a willingness to think differently about who 
is involved in the research process, how those participants engage and 
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what they bring to the research endeavour. Beyond engaging the public 
in the process of data collection, citizen science opens doors to broader 
knowledge exchange about the research in question (McKinley, Briggs & 
Bartuska 2013). Listening to participants’ experiences can increase scien- 
tists’ and policymakers’ awareness of social concerns and influencing fac- 
tors. This can be particularly important in complex settings such as 
conservation and medicine, where findings and implementations may be 
context-specific and where generalised, ‘objective’ knowledge may be less 
useful than scientific traditions generally assume. Research in all areas of 
exploration indicates that the more deeply participants are involved in the 
process of investigation — from shaping the research question to interpret- 
ing and acting on the results — the more profound the outcomes are for 
participant learning and for policy action (Danielsen, Burgess & Balmford 
2005; Shirk et al. 2012; Stepenuck & Green 2015; and see Nascimento 
et al. and Smallman, both in this volume). Regardless of the depth of 
engagement, a significant motivator for many who choose to participate 
is an understanding that they are making a contribution, whether to 
broadening scientific understandings or to making a change in the world 
(Raddick et al. 2013; Alender 2015; Tsueng et al. 2016). 


Policy: In an ideal world, policy decisions would be informed by evidence, 
but actionable evidence may not always be available, especially in cases 
calling for rapid or anticipatory responses (e.g., disasters, emerging dis- 
eases) or in complex systems (e.g., climate impacts, fisheries) (see, for 
example, Bower et al. 2017). Policy decisions are thus often made with- 
out evidence or with data not fit for purpose, and therefore against a back- 
ground of uncertainty. Citizen science mobilises multiple observers and 
therefore has the potential to fill data gaps (Chandler et al. 2017) and 
to procure data in a timely manner (Vaughan et al. 2003). Careful design 
is required to ensure that the data collected are of appropriate and 
known quality for the purpose at hand (Shirk et al. 2012; Danielsen et al., 
‘A Multicountry Assessment’, 2014; Kosmala et al. 2016). Citizen science 
research can also be targeted towards questions informed by policy needs 
or stakeholder concerns to yield the most relevant data (McKinley, Briggs 
& Bartuska 2013). Participants in such research, where stakes are high, 
have every incentive to ensure their data are defensible (Ottinger 2016). 
With all of these factors in mind, Danielsen et al., ‘Linking Public Partici- 
pation’, (2014) suggest that citizen science may be an optimal strategy to 
address policy priorities, including indicators and outcomes set by high- 
profile treaties such as the Convention on Biological Diversity. 
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Citizen science innovations across disciplines 


It is possible to see — and learn from — advancements in research impacts 
and innovations emerging in the different scientific disciplines where 
citizen science is employed. This section briefly looks at three different 
research domains — geophysical, biomedical and social science — to explore 
the scientific contributions of citizen science and the innovations that have 
enabled those outcomes. In doing so, it points to advances in public 
engagement and policy that can also be seen in these areas. It does not 
aspire to provide a comprehensive review, but rather to offer a glimpse into 
the practices and impacts in different disciplines, which may help expand 
thinking in the larger field. 


Geophysical/Geospatial: Earth systems and earth observation research 
are yielding scientific advances through citizen science at both global 
and local scales, and advancing this work in part through innovative 
uses of remote sensing, social media and distributed sensors. An entire 
special issue of the journal Remote Sensing (Fritz & Fonte 2016) is 
devoted to sharing outcomes of citizen science including research into 
land cover (Laso Bayas et al. 2016), forest biomass (Molinier et al. 2016), 
water clarity (Busch et al. 2016) and the timing of lifecycle events (e.g., 
Elmore, Stylinski & Pradhan 2016) among other topics. Seismologists 
have refined methods to harvest streams of Tweets to improve real-time 
research into earthquake intensity (D’Auria & Convertito 2016) and 
range of perceptibility (Earle, Bowden & Guy 2012). Hydrologists have 
turned to social media as well, capturing photographs of flood events 
to estimate flow rate and depth (Le Coz et al. 2016). Geophysical sci- 
entists are also working in person with concerned communities to 
assess and monitor pollutants in soils and garden vegetables (Ramirez- 
Andreotta et al. 2013), air pollutants near gas drilling sites (Macey et al. 
2014) and changes in water quantity and quality (Stepenuck & Green 
2015). 

These approaches to research can facilitate both rapid and collabo- 
rative policy responses to environmental change (Minson et al. 2015; Ste- 
penuck & Green 2015). To this end, work in this domain is confronting 
and advancing procedures and measures that relate to issues of public 
engagement, such as around risk (Ramirez-Andreotta et al. 2013) and 
power and participation (Ramirez-Andreotta et al. 2015; Stepenuck & 
Green 2015). 
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Biomedical: In their systematic review of crowdsourced research in medi- 
cal fields, Ranard et al. (2014) found papers in hematology, radiology, 
genomics, molecular biology and more, which describe citizen science 
strategies including problem-solving and the distributed surveillance of 
symptoms or treatment options. Innovations in online platforms for prob- 
lem-solving, such as FoldIt and Zooniverse, have engaged communities 
of gamers-turned-analysts to advance cancer research, protein mapping, 
DNA sequencing and neurobiology (Kawrykow et al. 2012; Peplow 2016). 
What Ranard et al. label ‘surveillance systems’ include strategies designed 
to elicit patient-contributed datasets, whether through project-specific 
portals or social media channels, which are sufficient to explore trends 
in such areas as disease outbreak (Smolinski et al. 2015), drug reactions 
(Salathé 2016) and risk factors for disease transmission (Garcia-Marti 
et al. 2016). Technologies developed for the Mark2Cure project, for 
example, engage volunteers in mining peer-reviewed journals to iden- 
tify, annotate and curate relevant papers out of a broad literature with 
overlapping acronyms (Tsueng et al. 2016). Innovations are not all 
technological — community-based participatory research (CBPR), although 
far from new, continues to demonstrate the significance of collaborative 
learning where patients, patient advocates, health workers or at-risk com- 
munities help define research goals and processes (Wallerstein & Duran 
2006). Innovations in CBPR include exploring opportunities for col- 
laborative research to organise and mobilise concerned communities to 
take action around their health concerns (Cohen et al. 2016), and opening 
up avenues for qualitative methodologies in collaborative health research 
(Clark & Ventres 2016). 

Policy implications in this domain may most easily be seen in CBPR 
work, where partnerships can help confront inequities in biomedical 
research and services (Israel et al. 2001) and are at times even specifically 
driven and directed by policy concerns (Themba & Minkler 2003). The 
fine line between researcher and subject in citizen science in the biomedi- 
cal sphere has led to an extensive conversation around research ethics (del 
Savio, Buyx & Prainsack 2015; Kolman 2016; Vayena & Tasioulas 2016; 
Woolley et al. 2016). Work in this discipline has also helped confront and 
advance thinking on issues including privacy (Del Savio, Buyx & Prain- 
sack 2015); patients’ rights (Woolley et al. 2016); and even the concept 
of patient/public ‘right to science’ (Vayena & Tasioulas 2016). 


Social science/humanities: Although it may be less common to think of 


social science and humanities research in relationship to citizen sci- 
ence, many of the same techniques are being employed and advanced 
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to understand archaeology, literature, history and social dynamics. In 
a review of crowdsourced digital humanities research, Terras (2016) 
describes ways in which text and image analysis, transcription and 
annotation are helping to research, archive and make publicly available 
aspects of cultural heritage that might otherwise remain locked in 
museum basements or lost to time (as in the case of events and ephem- 
eral art). Archaeologist Parcak (2015) highlights the opportunities for 
technology - specifically remote sensing — to document geopolitical 
events and conduct social and behavioural research via public access 
to satellite images and open mapping platforms. She is pioneering the 
use of aerial imagery to engage the public in identifying promising sites 
for archaeological exploration (Gewin 2016). Satellite observations 
can also facilitate monitoring and research of social conflict, human 
rights violations and the extent and impact of environmental disasters 
(Zastrow 2014; Notley & Webb-Gannon 2016). Innovative technology 
use is also enabling human-centred research, including studies of geo- 
graphic trends of sexual behaviour (Davis et al. 2016) and correlating 
patterns of physical exercise with barriers to accessing outdoor spaces 
(Rosas et al. 2016). 

Some projects and platforms in this domain are designed to have 
clear short- or long-term policy implications, such as to facilitate dialogue 
and transparency (Terras 2016) or direct action and advocacy (Rosas et al. 
2016). Technology can improve understanding and management of issues 
of privacy (Davis et al. 2016), and can also raise concerns about equity in 
social research (Notley & Webb-Gannon 2016). Work with direct social 
implications reminds us that ‘the crowd’ (which includes scientists, per 
Parcak 2015) has interests and a stake in outcomes, and therefore schol- 
ars in this domain are working to deepen understandings of how politics 
and objectivity are approached in relation to research and public engage- 
ment (Notley & Webb-Gannon 2016). 


Transferring innovations to advance work 
across disciplines 


The development of citizen science in diverse disciplinary contexts has 
implications for the larger field. While some insights and innovations are 
disciplinary-, context- or project-specific, many may be transferrable to 
other settings. Opportunities are plentiful for advancing work by trans- 
ferring innovations, and examples can be seen in terms of technology, 
computational strategies, engagement approaches and the practice of 
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research itself (for the practical implications, see also Williams et al. in this 
volume). 


Technology transfer: The rapid diversification of projects on the Zooniverse 
platform is a primary example of technology transfer. This platform for 
digital image classification, designed for public processing of astronomi- 
cal images, is now employed for marine science, climatology, cancer 
research and more (see, for example, Tinati et al. 2015). Terras (2015) 
points to Zooniverse as a model platform for technologies developed to 
enable cultural heritage research. Hardware technologies are also trans- 
ferable. Sensors in smartphones, smart watches and elsewhere allow 
data to be captured and shared in almost any setting (for example, a 
phone camera can document both species sightings and cosmic ray 
strikes) — a 2016 Nature article by Cartwright offers cross-cutting advice 
for scientists in any discipline who are looking to leverage these tools. 
Where hardware tools are not available or accessible, participants have 
built them — tools developed by do-it-yourself community scientists to 
enable community-based monitoring are now being adopted by profes- 
sional researchers because of their quality and affordability (Dosemagen 
2017, personal communication; and see also Volten et al. in this volume). 
The US Forest Service also notes that public engagement in research 
helps with technology transfer to private landowners/resource managers 
otherwise left behind as the industry rapidly advances (McKinley, Briggs 
& Bartuska 2013). 


New computational approaches: The complexity of many citizen science 
datasets has led to innovative applications of data analysis techniques that 
have utility far beyond the discipline in which they were developed. 
Hochachka et al. (2012) describe the early application of sophisticated ‘big 
data’ statistical analysis and modelling techniques to citizen science in 
ornithology, and outline the development of new, ‘semi-parametric’ tech- 
niques that have particular utility for any citizen science analyses where 
limited assumptions can be made about individual data points. Algorithms 
developed for analysis of data from the Zooniverse platform provide ave- 
nues for reaching consensus on image classification within large datasets, 
based on the consistency of a user’s contributions — where choices are 
binary, consistent annotations are useful regardless of whether they are 
consistently right or consistently wrong (Shamir, Diamond & Wallin 
2016). Other transferable citizen science techniques include advances in 
machine learning that help identify and remove data ‘noise’ caused by 
glitches (Zevin et al. 2017), improvements in pattern recognition to auto- 
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mate photo identification of species (Andrzejaczek et al. 2016), and new 
developments in protocols that enable the repurposing of volunteered 
geographic information if it has been collected as vector data (Mooney 
et al. 2016). Bridging data analysis and policy, decision support tools have 
also been developed to help make sense of complex data in direct relation- 
ship to policy needs and priorities (Sullivan et al. 2009). 


Opening engagement: Innovative projects continue to engage the public in 
new ways and in new aspects of research, which can create or enhance 
engagement opportunities in other disciplines. Research by Tinati et al. 
(2015) across the Zooniverse platform suggests that the same basic 
engagement strategies are applicable across the platform, regardless of 
research discipline; in addition, they suggest that their most valuable 
insights and advances came from recognising and enabling the work of 
volunteers as peers in conducting investigations. The FoldIt project 
revealed the value of inviting non-scientists to assist with scientific 
problem-solving. In one of the first major publications to document the 
success of this platform for collaboratively intuiting the structure of pro- 
tein molecules, the authors (including both project leaders and solvers; 
Khatib et al. 2011) suggest that similar online game strategies can engage 
people in solving other complex problems (see also Novak et al. in this 
volume). Non-scientists are assisting with literature searches (Tsueng et al. 
2016), developing scientific tools and instrumentation (e.g., Ottinger 
2016) and participating in statistical analyses (Alliance for Aquatic 
Resource Monitoring 2010), most of which represent new frontiers for 
engagement which could be relevant to any research area. More directly 
connected to policy prospects, Tucker et al. (2016) present a method of 
‘speed dating’ to match academic researchers and community leaders 
according to common interests and to develop collaborative research pro- 
posals. Whether the research topic is earthquakes or human rights viola- 
tions, projects are also advancing response times and refining mechanisms, 
not just to collect data, but also to provide data tailored to inform decisions 
(e.g., Notley & Webb-Gannon 2016). 


Implications for the practice of science itself: The collaborative nature of citi- 
zen science invites new considerations about how science is accomplished 
and what kinds of practices make science effective (Wyler & Haklay in 
this volume). Some originally disruptive aspects of citizen science have 
begun to shape the broader scientific landscape. For example, Franzoni 
and Sauermann (2014) suggest that the unconventional willingness of 
what they call ‘crowd science’ initiatives to publish intermediate results 
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may speed innovations, in contrast to traditional research where findings 
are published only as a culmination of research efforts. Citizen science 
projects have also helped to bolster movements in open data and open- 
access publishing. In any domain, citizen science is helping to advance 
how to define, facilitate and document quality across science done by any- 
one, reminding all researchers of the responsibility to not take data qual- 
ity for granted (Newman, Roetman & Vogel 2015). Citizen science can also 
offer a means for pursuing integrated research such as investigations of 
coupled human/natural systems (Crain, Cooper & Dickinson 2014), for 
example cases where livelihoods and natural resources are interdependent. 
Finally, where policy outcomes are an impetus for public engagement, citi- 
zen science can help focus research efforts towards garnering knowledge 
that provides a basis for specific actions (McKinley et al. 2017), such as 
whether or not to implement a treatment for the problem at hand. 


Conclusion: Implications for citizen science 
as a field of practice 


Looking at advances within distinct research disciplines, and their trans- 
ferability to other contexts, shows how opportunities for cross-disciplinary 
networking can enhance the practice and appreciation of citizen science 
more broadly. Citizen science is necessarily disruptive, and is already 
changing how science takes shape both within scientific institutions and 
in communities. An inclusive community of practice, spanning diverse 
disciplines and definitions, can facilitate both a more rapid uptake and 
adaptation of relevant technologies, and bring research approaches to 
new purposes. Cross-disciplinary networking can also help advance prac- 
tice regarding concerns shared across all disciplines, such as issues of 
ethics, democratisation, participation and policy (e.g., Silka 2013). The 
Ten Principles of Citizen Science call out these and other ideas that are 
broadly applicable, no matter the citizen science setting (Robertson et al. 
in this volume). 

Cross-disciplinary work can also aid citizen science by demonstrat- 
ing the broad social and scientific significance and relevance of public 
engagement. Citizen science research within any disciplinary domain is 
well-served when it can leverage past successes to have the greatest 
impact, in ways that elevate the robustness of the research, the opportu- 
nities for meaningful public engagement and the relevance for policy. It 
is also critical for the field of citizen science as a whole to reveal and 
promote exemplar cases from all disciplines. This will help all stake- 
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holders (including scientific peers who do not themselves use citizen 
science) understand and appreciate the value of citizen science as well 
as the investments necessary — in science, engagement and policy 
applications — to ensure its success. Connecting across disciplines offers 
the opportunity to draw strength from others’ successes as well as les- 
sons from their innovations, and from how they creatively advance sci- 
ence in relation to public interests and policy concerns. 

Parcak (2015) points out that scientists increasingly want to see 
their research make a change in the world. The utility of citizen science 
for policy-making may depend, according to Vann-Sander, Clifton and 
Harvey (2016), on moving beyond a ‘science-centric’ view of citizen sci- 
ence. This recommendation must not be mistaken as being about moving 
away from the science in citizen science, as this may risk abandoning the 
rigour of scientific practices and outcomes (whether those practices 
involve monitoring, analysis, tool-building or cataloguing) that inform 
policy and even the motivation driving and serving public participation. 
Rather, Vann-Sander, Clifton and Harvey allude to an opening up and 
broadening of science to include attentiveness to the multiple interests and 
relationships that converge through citizen science, and which are neces- 
sary to engage in effecting policy change. 

Just as with the practice of science more generally, citizen science 
has a unique character in each different discipline, but in all disciplines, 
citizen science initiatives demonstrate a shared, fundamental appreciation 
for the process of observation and inquiry in pursuit of verifiable knowl- 
edge gains. Citizen science helps expand the pool of collaborators and 
knowledge contributors who engage in this process, and in doing so, can 
engage broader public insights and concerns, inform the policy process 
with more complete and relevant datasets, and bring the process of knowl- 
edge generation more closely into conversation with the policy process 
and issues relevant to that process. At its best, science, policy considera- 
tions and public engagement are mutually reinforcing in policy-relevant 
citizen science. Divorcing the science from citizen science would be a 
disservice to the commitments and expectations of contributors, dimin- 
ish its significance for policy and limit the ways that science and citizens 
intersect to inform new approaches to research. It is possible to imagine a 
future that moves beyond the ‘science-centric’ view of citizen science in 
ways that maintain the integrity and utility of the science at the heart of 
citizen science, in service to policy and an engaged public. 
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Highlights 


e Common conceptualisations of participation assume high-level 
participation is good and low-level participation is bad. However, 
examining participation in terms of high and low levels of knowl- 
edge and engagement reveals different types of value in each case. 

e The spectrum of citizen science activities means some are suitable 
for people who have education and knowledge equivalent to PhD 
level, while some are aimed at non-literate participants. There are 
also activities suitable for micro-engagement, and others requiring 
deep engagement over time. 

e Issues of power, exploitation and commitment to engagement need 
to be explored for each citizen science project, as called for by the 
ECSA Ten Principles of Citizen Science, in response to the need for 
a more nuanced view that allows different activities to emerge. 


Introduction 


Participation is a potent term in citizen science. In fact, it was suggested 
that the field should instead be called ‘Public Participation in Scientific 
Research’ (Bonney et al., ‘Public Participation’, 2009) with ‘participation’ 
as the differentiating element between what is now called citizen science 
and public engagement with science. In another example, Cooper and 
Lewenstein (2016) discuss two meanings of citizen science: at one end of 
the spectrum, they discuss ‘democratic’ citizen science, which originates 
from a book by Alan Irwin (1995) and emphasises the responsibility of 


science to society; while at the other end of the spectrum they describe 
‘participatory citizen science as practice in which people mostly contrib- 
ute observations or efforts to scientific enterprise, which originated with 
the work of Rick Bonney (1996) at the Cornell Lab of Ornithology. The 
current author’s previous contribution on this topic, which focuses on a 
typology of participation (Haklay 2013), also attempts to bridge the ‘par- 
ticipatory and ‘democratic’ meanings of citizen science. 

The term ‘participation’, however, remains open to multiple inter- 
pretations and, arguably, to abuse. A good example of this is the area of 
participatory sensing, which originated from an attempt to bring together 
the two meanings Cooper and Lewenstein identified. As Burke et al. (2006, 
4) noted, 


Participatory Sensing begins and ends with people, both as individu- 
als and members of communities. The type of information collected, 
how it is organized, and how it is ultimately used, may be determined 
in a traditional manner by a centrally organized body, or in a delib- 
erative manner by the collection of participants themselves. 


Despite this definition, participatory sensing is now often used to describe 
activities in which the people who carry out the activity have little, if any, 
control over the process and activity, taking it more towards the idea of 
people as simple bipedal sensing platforms (Nold & Francis 2017). This 
is not to say that participatory sensing cannot be redeemed, only that 
much more attention must be paid to what participation means (Haklay 
2016a). 

In the fields of geography, environmental studies, urban studies, 
development studies and public policy among others, Sherry R. Arnstein’s 
(1969) ‘A Ladder of Citizen Participation’ has to many defined the mean- 
ing of participation in political and technical processes. ‘Arnstein’s ladder’, 
as it became known, uses value-laden terms to describe the potential of 
participation. Arnstein starts her analysis with levels of ‘nonparticipation’, 
including manipulation and therapy, then moves to ‘degrees of tokenism’ 
with informing, consultation and placation, and finally reaches ‘degrees 
of citizen power’ with partnership, delegated power and citizen control. 
Even without going into the meaning of these levels, it is clear that Arn- 
stein offers a strong value judgement, in which non-participation should 
be frowned upon, while full citizen power is the goal. Knowingly simpli- 
fied, the ladder focuses on political power relationships, and it might be 
this simple presentation and structure that explains its lasting influence. 
While it has been challenged over the years (see, for example, Chilvers & 
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Level 4 ‘Extreme Citizen Science’ 


e Collaborative science — problem definition, data collection 
and analysis 


Level 3 ‘Participatory science’ 


e Participation in problem definition and data collection 


Level 2 ‘Distributed Intelligence’ 


e Citizens as basic interpreters 
e Volunteered thinking 


Level 1 ‘Crowdsourcing’ 


e Citizens as sensors 
e Volunteered computing 


Fig. 4.1 Levels of participation in citizen science (Haklay 2013) 


Kearnes 2016), Arnstein’s ladder led to the development of other typolo- 
gies (e.g., Wiedemann & Femers 1993). The current author is also respon- 
sible for what might, at first sight, seem to be a ladder of participation in 
citizen science (see figure 4.1). 

From the current author’s perspective, however, ‘unlike Arnstein’s 
ladder, there shouldn't be a strong value judgement on the position that 
a specific project takes. At the same time, there are likely benefits in terms 
of participants’ engagement and involvement in the project to try to move 
to the highest level that is suitable for the specific project. Thus, we should 
see this framework as a typology that focuses on the level of participation’ 
(Haklay 2013, 116). Yet, the rest of the discussion in the same paper can- 
not be absolved from presenting the typology as a ladder: In terms of 
understanding participation in scientific research as involvement in all 
stages of scientific enquiry, level four is the most comprehensive, while 
level one is the most basic. It is, therefore, easy to confuse participation in 
the sense of taking part in different stages of a process, and the meaning 
of this act of participation for the participant and project owner. Instead, 
it necessary to understand participation more fully, and to consider what 
participation means in citizen science. 

This chapter therefore highlights the complex nature of partici- 
pation in citizen science activities, and the need for a nuanced, detailed 
analysis of who participates, and how. This is the first step towards a 
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multifaceted consideration of the role of citizen science practices in soci- 
ety and in science. To demonstrate the complexity of participation in citi- 
zen science, the chapter looks at two characteristics: the education levels 
of participants, and the way participation inequality (also known as the 
90-9-1 rule) shapes the time and effort participants invest in citizen sci- 
ence activities. Examining these aspects reveals new insights about par- 
ticipation and the chapter closes with further direction on inquiry into 
participation. 


Citizen science participation and levels of education 


Among the technological and societal trends that have enabled the 
growth of citizen science in the past decade, increasing levels of education 
should be considered one of the most significant (Haklay 2013). Accord- 
ing to Eurostat (2016), across the EU28 countries nearly 33 per cent of the 
population aged between 25 and 55 has tertiary (university) education, 
and 20 per cent of those above this age group also have tertiary education. 
This headline figure masks a wide variability based on the cultural and 
economic context of each country. For the 25 to 55 age group, in the UK 
43.8 per cent hold tertiary education, Spain 38.4 per cent, France 38 per 
cent, Poland 32.7 per cent, Germany 28.3 per cent, with Italy the lowest 
with 19.1 per cent. This is part of a global trend, with UNESCO statistics 
recording about 200 million students currently studying in tertiary edu- 
cation across the world, of which about 2.5 million (about 1.25 per cent) 
are studying to doctoral level (UNESCO 2016). UNESCO statistics show 
that while participation in tertiary education in developed countries 
increased from 35.9 million people in 1999 to 46.8 million in 2014, par- 
ticipation at the doctoral level increased more moderately, from about 
985,000 to about 1,343,000 people over the same period, remaining steady 
at about 2.8 per cent of students. The reason for paying attention to 
developed countries is that they are the locations where most citizen sci- 
ence happens. 

Based on these statistics, if participation in citizen science was spread 
evenly across the population, about one third of participants would be 
expected to have tertiary education, and about 1-2 per cent to have a doc- 
toral degree. Yet, the evidence points to a different picture. In Galaxy 
Zoo, a project in which participants classify galaxies and help astronomers 
to understand the structure of the universe, 65 per cent of participants had 
tertiary education and 10 per cent had doctoral-level degrees (Raddick 
et al. 2013; results confirmed by Curtis 2015). Curtis (2015) also found 
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that in FoldIt (https://fold.it/), a project solving puzzles about the struc- 
ture of molecules, 70 per cent of participants had tertiary education; while 
in Folding@home (https://folding.stanford.edu), in which people share 
their computing resources with scientists seeking to understand the struc- 
ture of molecules, 56 per cent had tertiary education. In OpenStreetMap 
(https://www.openstreetmap.org/), which aims to create a free, editable 
digital map of the world, 78 per cent of participants hold tertiary educa- 
tion, with 8 per cent holding doctoral-level degrees (Budhathoki & Hay- 
thornthwaite 2013). Finally, Transcribe Bentham (https://www.ucl.ac.uk 
/transcribe-bentham), a digital humanities project in which volunteers 
transcribe the writing of nineteenth-century English philosopher Jeremy 
Bentham, 97 per cent of participants have tertiary education and 24 per 
cent hold doctoral-level degrees (Causer & Wallace 2012). While these 
findings are expected, it is clear that as the task complexity increases, the 
participation of people with higher levels of education increases — for 
example, Transcribe Bentham requires familiarity with a challenging tran- 
scription interface, and knowledge and interest in nineteenth-century 
philosophy. Across projects, the participation of people with tertiary educa- 
tion is at least twice the level in the general population, and the participa- 
tion of people with doctoral-level education is at least three times higher. 

This evidence can be interpreted in both a positive and negative 
light. Positively, the population with higher education has received more 
societal resources due to their longer period in education and deferring 
the period in which they are contributing to the economy and society 
through full-time employment. Those with doctoral-level education argu- 
ably benefited from this even more due to their longer and more special- 
ised studies. Therefore, the opportunity to contribute to shared knowledge 
by volunteering to citizen science projects should be seen as a way to har- 
ness the knowledge, skills and abilities of those with higher education for 
a socially beneficial outcome. On the other hand, the numbers tell us that 
citizen science projects, even those that are based on micro-tasks and 
allow for a lighter level of engagement, are not reaching the wider popu- 
lation, and especially not enough of those without tertiary education. 
They are therefore not engaging across all sectors of society. 


Citizen science and participation inequality 
This section turns to the second characteristic of citizen science: the issue 


of participation inequality (see also Haklay 2016a). Participation ine- 
quality was first recognised by Hill and his team (1992) while analysing 
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the contribution of different people to the development of digital docu- 
ments. It manifests in online forums such as mailing lists, discussion 
forums and games (e.g., Hill et al. 1992; Mooney & Corcoran 2012; Lund, 
Coulton & Wilson 2011; van Mierlo 2014). It is also common in citizen 
science projects, such as in the iSpot (https://www.ispotnature.org/) 
community in which participants share images, locations and details of 
observed species (Silvertown et al. 2015), where the participation ine- 
quality is evident both among those who collect and share data, as well 
as those who classify and identify them. Across these projects, the pro- 
portion of registered people who do not contribute can reach 90 per cent 
or even more of the total number of participants, especially if we look at 
those who use the information without contributing to it. Of the remain- 
ing participants, 9 per cent or more contribute infrequently or fairly 
little. Finally, the last 1 per cent contribute most of the information. The 
phenomenon has therefore been framed as the 90-9-1 rule (Nielsen 
2006). However, participation can be very skewed. As Nielsen point out, 
in Wikipedia, 0.003 per cent of users contribute two-thirds of the con- 
tent, with a further 0.2 per cent contributing infrequently, making the 
relationship 99.8-0.2-0.003 per cent. For OpenStreetMap, Budhathoki 
(2010) suggests that the proportions are 70-29.9-0.01 per cent. Figure 4.2 
is an update for Budhathoki’s analysis by Wood (2014), showing that 
when participants in the OpenStreetMap project are sorted by their con- 
tribution, a small group of 1,000 participants dwarfs the effort of all 
other contributors, and only about 300,000 participants contribute more 
than 10 points of data although at the time there were two million regis- 
tered users. 
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Fig. 4.2 OpenStreetMap contributions (Wood 2014) 
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Again, this pattern of participation has positive and negative aspects. 
On the positive side, some participants are highly committed and not 
only are they contributing to the project, but they are becoming experts 
in the scientific area of the project and developing many other skills 
(Jennett et al. 2016). As examples from biological observations show, 
the level of taxonomic expertise offered by dedicated volunteers can 
match that of credentialed experts. Notice the contrast between the edu- 
cational attainment aspect noted in the previous section and the exper- 
tise gained through participation. As noted above, many projects have 
disproportional participation by people with credentials, such as PhDs. 
Yet, there are also high levels of participation by those with expertise and 
knowledge equivalent to credentialed experts, although not officially 
secured through an educational establishment. On the other hand, partici- 
pation inequality demonstrates that most volunteers’ depth of engagement 
is limited and even in the most successful projects that report high num- 
bers of registered participants, the actual number of those who are highly 
engaged is small. 


Knowledge and engagement in citizen science 


Participation in citizen science can also be examined along many other 
axes: gender, ethnicity, socio-economic status or location, to name but a 
few. However, even for the two characteristics considered above, educa- 
tional attainment and participation inequality, a complex picture of par- 
ticipation emerge. 

For the sake of the analysis, there are citizen science projects that 
require a high level of knowledge from participants, so that they can 
understand the goals and terminology, and significant engagement, so 
that they can be trained to an appropriate level to ensure their effort is 
not wasted. In Transcribe Bentham, for example, a participant is expected 
to learn how to read Bentham’s handwriting as well as how to use the tran- 
scription system (which does not have a user-friendly interface). Then, 
there are projects that require a fairly high level of knowledge but not 
necessarily demanding participation. Many Zooniverse projects (which 
share the same technological platform and principles as Galaxy Zoo men- 
tioned above — see https://www.zooniverse.org) fall into this bracket, as 
they are aimed at people with some interest in astronomy but the tasks 
are fairly structured and short. Next, there are projects aimed at people 
with little knowledge but requiring high engagement. The Extreme Citi- 
zen Science group (www.ucl.ac.uk/excites) or Cybertracker foundation 
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Table 4.1 Engagement and skills in citizen science projects 
High engagement Low engagement 


High level of | ° Highly valuable effort: e Skills might contribute to 


knowledge research assistants data quality 
e Significant time e Possible use of disciplinary 
investment jargon 
e Opportunities for deeper | ° Opportunities for lighter or 
engagement (analyses, deeper engagement to match 
writing papers) time/effort constraints 
Low level of | * Opportunities for e Opportunities for active 
knowledge education, awareness engagement with science 
raising, other skills with limited effort 


e Support and facilitation | ° Potential for family/ 
are necessary cross-generational 
engagement 

e Outreach to marginalised 
groups 


e Potential for large temporal 
and spatial coverage and 
contribution to science 


(https://www.cybertracker.org/) both work with non-literate participants 
recording local resources and are examples of this. Finally, there are pro- 
jects aimed at participants with little knowledge and requiring low 
engagement. This includes science outreach projects, such as Open Air 
Laboratories (OPAL https://www.opalexplorenature.org/), which are 
structured around episodes of public engagement. The classification of 
projects is presented in table 4.1. 

There are benefits and challenges to participation in each and every 
block of this classification, as described below. 


High level of knowledge/high engagement: As noted above, these projects 
provide a way to harness highly valuable knowledge with participants act- 
ing as volunteer research assistants. There is a significant time invest- 
ment by the volunteers. While in some projects high participation is linked 
to higher levels of education (such as doctoral level), this is not the case 
more generally, and the high time investment leads to the development 
of expertise by these dedicated volunteers. Their deep familiarity with the 
material brings important insights, which project managers would be wise 
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to capture through opportunities for deeper engagement in the scientific 
process, such as assisting in the analysis or co-authoring papers. 


High level of knowledge/low engagement: A key benefit here is the impact of 
well-educated participants on the outcomes of the project. For example, 
understanding of the principles of the scientific process can contribute 
to data quality, since participants can understand what the project 
owner is trying to achieve and the importance of rigour in carrying out 
the task. It can also allow the use of disciplinary jargon in the explanations 
and instructions to participants. The opportunities here are for lighter or 
deeper engagement to match time/effort constraints. This can be valuable 
for people who have many demands on their time but want to contribute 
to scientific efforts without high investment in training and learning. 


Low level of knowledge /high engagement: These activities need to address 
the lack of representation of participants with low educational attainment. 
A focused effort by project organisers can provide an opportunity to 
educate participants, raising awareness of environmental and scientific 
issues, increasing knowledge of the scientific process as well as other 
skills such as experience with Information and Communication Technol- 
ogies (ICT) or in community organisation, which can empower partici- 
pants in other aspects of their lives. These projects require ongoing and 
targeted support for participants but can demonstrate the high potential 
for inclusivity in citizen science. 


Low level of knowledge/low engagement: These projects bring opportuni- 
ties for active engagement in science to a larger audience, which is usually 
not engaged in citizen science, with limited effort by the participants. 
Lack of awareness means these projects might still require effort from pro- 
ject organisers to encourage people to join the activities. This type of activ- 
ity holds the potential for family and cross-generational activities that can 
engage parents, grandparents and children in a joint learning and explora- 
tion experience, as well as outreach to marginalised groups. Overall, this 
type of project can also provide a stepping stone for more in-depth partici- 
pation, if desired by participants and with active encouragement by facili- 
tators. When these types of citizen science projects are well structured and 
designed, they can also lead to scientific advances, especially when large 
spatial or temporal datasets are needed (see Palmer et al. in this volume 
on the Mosquito atlas, https://www.mueckenatlas.de), or image recog- 
nition in the project Chimp&See (https://www.chimpandsee.org). 
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In summary, this classification shows that there are important soci- 
etal benefits for participation in each type of project. Scientific impacts 
depend on the project design and can also be attained in various forms 
depending on the different project types (Ballard, Phillips & Robinson in 
this volume). Simplistic assumptions that only full inclusion at a deep level 
is appropriate for citizen science projects should be avoided. Instead, they 
should consider how people at all levels of education and engagement 
gain from, and contribute to, citizen science activities. 


Conclusion 


This analysis argues that Arnstein’s ladder should not be taken uncritically 
as a model for participation in citizen science, but some of its dimensions 
should still be considered carefully. In contrast to Arnstein’s ladder, par- 
ticipation should be valued at many levels — from occasional contribution 
to deep engagement in shaping research projects and carrying them out 
from start to finish. Different people, with different life histories, interests 
and responsibilities, need the opportunity to engage in different levels of 
participation in citizen science. Projects should also facilitate the oppor- 
tunity to move between different levels of engagement at different stages 
in participants’ lives. 

Yet, Arnstein’s ladder highlights an important consideration. The 
core of her argument was about control and power, and citizen science 
can open up situations in which the effort of participants is exploited, or 
in which projects are conceived without allowing participants to develop 
deeper engagement even if they wish to do so. We should guard against 
such issues, and the Ten Principles of Citizen Science (Robinson in this 
volume) address these challenges. 

From the policy perspective, the analysis of participation reveals dif- 
ferent opportunities in each type of citizen science activity — from har- 
nessing the knowledge of highly educated members of society, to opening 
new avenues for science and technology to people with limited education 
and lots of demands on their time. It is therefore important to support a 
wider range of activities within citizen science, to ensure the inclusion of 
people across society. 

Participation in citizen science is therefore a complex and multifac- 
eted issue that requires attention, research and theorisation. Understand- 
ing participation in citizen science also develops better understanding 
of the ways in which open science should operate, the importance of 
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open-access publications to allow participants to develop their knowledge, 
and the need to support participants through their scientific journeys. 
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Highlights 


e Information technology (IT) infrastructure is a vital enabler of suc- 
cessful citizen science projects. 

e There are numerous IT tools available to citizen science projects 
and navigating them can be confusing. When choosing tools, it is 
important to consider their compliance with applicable process and 
data standards, their ability to connect with the information supply 
chain and their fitness for the required use. 

e The information and data generated by citizen science projects is 
likely to be their most enduring and impactful legacy if they are 
made publicly accessible in a timely manner and in a form which is 
suitable for multiple downstream uses. To do this, they need to con- 
form as much as possible to existing data and process standards. 


Introduction 


The chapter considers what infrastructure means in a citizen science con- 
text and characterises the types of technology-based infrastructure being 
used by the global citizen science community, with a focus on the envi- 
ronmental domain. Some issues emerging around the application of dif- 
ferent infrastructure solutions in current use are also raised and, using 
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some examples and case studies, existing infrastructure solutions are dis- 
cussed in an ‘information supply chain’ framework. An information sup- 
ply chain refers to the process flow or movement of a piece of information 
(data) from being acquired or collected, to being used in one or more 
transformative actions such as policy settings, physical management and/ 
or educational or behavioural change campaigns. Invariably, this will also 
involve intervening processes on the data, potentially by parties other 
than the collectors, such as data curation, management, aggregation and 
analysis. 

This chapter draws on the authors’ experience and expertise in 
citizen science infrastructure in Australia and primarily in the environ- 
mental domain. 

The notion of ‘best practice’ in the context of citizen science infra- 
structure is also considered, concluding that ‘best practice’ is relative to 
available solutions and practices at a given time and that it will inevita- 
bly change over time. 


What is citizen science infrastructure? 


The online version of the Merriam-Webster Dictionary defines ‘infrastruc- 
ture’ as: ‘the underlying foundation or basic framework (as of a system or 
organisation); . . . and: the resources (as personnel, buildings, or equip- 
ment) required for an activity’. Thus infrastructures are the physical struc- 
tures, equipment and tools, processes, services, human capital and social 
networks which enable systems and enterprises to function effectively. In 
a citizen science context, this includes: 


a. Physical kit — buildings, vehicles, telescopes, microscopes and bin- 
oculars, measuring instruments, cameras, scanners, sensors, drones 
and various other equipment; 

b. Social assets — the organisers of projects, events and collaboration 
services, sponsors and funding bodies, the public participants in 
projects and events, and the social networks of connected individu- 
als; and 

c. Technology assets — the information technology-based platforms/ 
tools and services used to collect, store, manage and process, share, 
visualise and analyse information (data and metadata) which is 
produced by citizen science endeavours, as well as those used to 
organise and manage citizen science projects and events. 
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This chapter deals only with the information technology—based 
infrastructures which support data produced by citizen science 
endeavours, not those used for stakeholder and event management 
(see also Wyler & Haklay in this volume on the infrastructure provided 
by universities). 

Historically, data generated by citizen science projects — and indeed 
many non-citizen science projects, too — was often only used within the 
context of the project for which it was collected. However, aggregated 
data from multiple sources is becoming increasingly important as fea- 
tures of research work and as inputs to policy and management actions. 
It is therefore also useful to consider IT infrastructures which support 
citizen science in a broader context; that is, the role they play in the infor- 
mation supply chain. This helps us to understand the relevance and role 
of individual projects in contributing to new knowledge and improved 
management outcomes, and hence the significant role of public partici- 
pation in this larger context. 

Figure 5.1 shows a conceptual information supply chain model in 
which citizen science projects are involved in data acquisition and anal- 
ysis processes. People use all sorts of tools and infrastructure to collect 
raw data which gets stored somewhere, usually in local databases or 
cloud services. However, raw data by itself has little intrinsic value or 
usefulness — raw data only has value and meaning when it is interpreted 
in conjunction with the context in, and by which, it was collected (see 
also Williams et al. in this volume). 

The reasons for collecting raw data are many and varied, and 
include: 


e Answering specific research questions or modelling and understand- 
ing real-world processes; 

e Support social, political, environmental or economic objectives; 

e Gaining personal satisfaction and fulfilment; 

e Enhancing social opportunities; 

e Connecting with nature; and much more. 


Data aggregators procure and combine raw data from those who 
collect and produce it, and provide repositories in which data producers 
can proactively lodge their data. Aggregators typically transform inbound 
data to fit into a standardised data structure and add value to the raw data 
by providing a range of products and services to data producers and 
consumers. 
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Fig. 5.1 A conceptual model for a digital information supply chain. 
(Source: Icon made from http://www.onlinewebfonts.com/icon fonts is 
licensed under CC BY 3.0) 


Aggregated data is then accessed by data analysts and researchers 
who use tools and expertise to gain meaning and knowledge. This results 
in knowledge products, which can then be used to inform policy, planning 
and management decisions, facilitate assessment against national and 
international benchmarks and target measures, and many other applica- 
tions. Information technology infrastructure is also used to make knowl- 
edge products more discoverable and accessible. 

Policies and management actions invariably have impacts which 
require measurement and monitoring, which in turn drives further raw 
data collection. Outputs from analysis can also identify gaps in informa- 
tion and stimulate further focused raw data collection. 

Data and procedural standards provide a common language which 
allows similar information from disparate sources to be efficiently aggre- 
gated and exchanged, thus giving raw data potential value, utility and 
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impact beyond the purpose for which it was originally collected. Applica- 
tion interfaces (APIs) provide a simple mechanism for exchanging data 
between different electronic systems, facilitated by growing access to high- 
speed internet technologies. These are becoming increasingly important 
enablers by supporting ‘linked data’ and ‘big data’ approaches to under- 
standing the complexity of the world and informing policy and manage- 
ment responses to complex global challenges (Ceccaroni, Bowser & 
Brenton 2017; Ottinger 2010). 

Information technology infrastructure plays a significant and impor- 
tant role in the information supply chain by supporting human interac- 
tions with data, as well as enforcing standards, automating processes and 
performing computational functions (Wiggins et al. 2011; Newman et al. 
2012), such as: 


e Connecting and linking system components; 

e Standardising data definitions so that there is a shared data language; 

e Mobilising data from analogue (non-digital) and siloed digital sys- 
tems into standardised digital formats which can be transported 
through and used by all tiers of the information supply chain; 

e Supporting data curation and data quality improvement; 

e Improving data flow and processing efficiency; and 

e Much more. 


Citizen science and IT infrastructure - a natural 
partnership 


Internet and wireless technologies are enabling unprecedented access to 
scientific materials and facilitating mass public participation in science 
(Couvet et al. 2008; Hochachka et al. 2012; Newman et al. 2010). 

Information technology platforms can codify and enforce rules and 
processes which help to improve the quality and hence the reliability, reus- 
ability and scientific trustworthiness of information generated through 
non-traditional scientific channels. Technology infrastructures are there- 
fore an important enabler of citizen science and are arguably the single 
biggest factor driving the recent rise of citizen science and the democra- 
tisation of science generally (Nov, Arazy & Anderson 2011a). 

However, it is difficult to keep pace with the constant and rapid 
changes in technology. Such changes generally bring improvements in 
usability, functionality, performance, reliability, accessibility, accuracy 
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and precision, as well as new beneficial features. At the same time, they 
introduce more and potentially confusing options, creating a potentially 
bewildering technology landscape for citizen science project co-ordinators. 
The cost of hardware and sometimes software can also impede a project’s 
uptake and benefits. Later, this chapter looks at some things to consider 
when choosing an IT solution for a project. 

As evidenced elsewhere in this book and in many other published 
works, citizen science is a significant public good endeavour which pro- 
vides numerous social, environmental and economic benefits in addition 
to enhancing science engagement and literacy. The important role of IT 
infrastructure in supporting citizen science makes it reasonable to con- 
sider issues such as: 


° The role governments, non-governmental organisations (NGOs) and 
philanthropic organisations should play in facilitating access to, and 
reducing the cost of, technology infrastructures for citizen science; 

e How citizen scientists can access and make the most effective use of 
technology to improve the efficiency, effectiveness, accuracy and 
impacts of their contributions to scientific endeavour; and, 

e How technology can be used to demonstrate the impact of citizen 
science contributions on social, policy and management outcomes, 
and thus empower and enhance the engagement of the public in 
these areas, as well as to improve recognition of citizen science con- 
tributions in traditional science and policy circles. 


Such questions are being addressed in numerous studies around the 
world such as Bonter & Cooper (2012); Couvet et al. (2008); Nov, Arazy 
& Anderson (2011a); Sequeira et al. (2014); Kaartinen et al. (2013); and 
many others. 

The recent worldwide explosion in the number and scope of citizen 
science projects has seen a growing need to develop effective mechanisms 
to assist the public in finding, discovering and connecting with citizen sci- 
ence projects; and for project owners to promote and connect their pro- 
jects with citizen scientists. This has resulted in the emergence of several 
independently developed ‘Project Finders’ — searchable project catalogues. 
Some of the open public facilities have become channels for citizen sci- 
ence projects to promote themselves, but with worldwide access and 
broadly similar functionality, they are sometimes perceived as competing 
with each other, which has led to some community confusion as to where 
they should register their projects. In an ideal world, any citizen science 
project registered in any catalogue system should be discoverable and 
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accessible via any project finder — thus giving people the most compre- 
hensive and current information possible about projects at their location, 
and allowing them to directly connect to projects of interest. To achieve 
this however, information needs to be shared between systems using 
common standards and protocols as described by Ceccaroni, Bowser & 
Brenton (2017) (and see also Williams et al. in this volume). To this end 
some key public catalogue managers are collaborating to develop a stand- 
ard core set of data attributes for citizen science projects, as well as a 
standard data schema and data exchange protocols, known as the PPSR- 
Core project. 

Information technology platforms, both desktop and mobile, facili- 
tate vast networks of human observers, stationary autonomous sensors 
(e.g., camera traps, weather and environmental sampling stations, etc.), 
and mobile remote platform sensors (e.g., drones and satellites) to col- 
lect reasonably consistent quality spatial and temporal data. This enables 
large-scale spatial and temporal analyses of patterns and distributions 
which would otherwise be impossible using traditional scientific data col- 
lection methods (Sullivan et al. 2009). Some successful early examples 
of these in citizen science, such as eBird (http://ebird.org/) and Galaxy 
Zoo (https://www.galaxyzoo.org/), have become benchmarks for large- 
scale global citizen science programmes. 

There are many tools currently available (box 5.1) and many more 
are likely to emerge in the future. This chapter does not endorse particu- 
lar tools, but instead aims to illustrate the complex array of tools availa- 
ble. All tools have strengths and weaknesses and differ in their suitability 
for different projects and situations. In addition, significant gaps remain 
where infrastructure is not yet fully servicing the scope of requirements 
for technology support in the citizen science domain — for example, spe- 
cies identification in the biodiversity domain and portals focused on com- 
munities of interest more generally. 

When choosing a tool, there are important factors to consider: 


i. Is there an existing tool available at an acceptable cost? Why build a 
new tool when something suitable already exists or can be adapted 
to fit? 

ii. Is the tool already connected or designed to connect and share 
with open data infrastructures? Most tools do not do this, but it is 
critical for data sharing. 

iii. Are the data capture and storage structures compliant with domain- 
relevant standards? Most are not, and this is also critical for data 
sharing. 
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Box 5.1. Citizen science infrastructure tools 


The citizen science sector has produced an impressive array of 
tools operating at varying spatial scales, as well as with different 
temporal scopes and topics of interest. These can be broadly cate- 
gorised as follows: 


1. Project catalogues/finders provide a central point of dis- 
covery and connection to citizen science projects. Examples 
include: CitSciorg (www.citsci.org); SciStarter (www.sci 
starter.com); Federal Crowdsourcing and Citizen Science Cat- 
alog (https://ccsinventory.wilsoncenter.org/); Zooniverse 
(https://www.zooniverse.org/projects?status=live); EU BON 
(http://biodiversity.eubon.eu/zh/web/citizen-science/view 
-all); and BioCollect (https://biocollect.ala.org.au/acsa). 
These facilities also support community engagement and, in 
some cases, data collection services. There are also commer- 
cial providers serving the citizen science community with data 
recording capabilities and small project catalogues. 

In addition, organisations which fund/sponsor projects 
often monitor their progress and have their own project cat- 
alogues, examples include: the European Commission’s 
‘CORDIS’ system (http://cordis.europa.eu/project/rcen/51266 
_en.html); the Alfred P. Sloane Foundation (https://sloan 
.org/search?q=citizent+science); the Myer Foundation (http:// 
myerfoundation.org.au/grants/grant-finder/); the National 
Geographic Society (https://www.nationalgeographic.org 
/idea/citizen-science-projects/); and many other government, 
NGO and philanthropic organisations. 

2. Generic domain-agnostic tools provide general data collec- 
tion/capture capabilities for any type of science project — for 
example CitSci.org (http://citsci.org/cwis438/websites/citsci 
/home.php?WebSiteID=7); Zooniverse (https://www.zoon 
iverse.org/); CyberTracker (http://www.cybertracker.org 
/); Fulcrum (http://www.fulcrumapp.com/?gclid=CMzT5I 
DyidICFQybvAodIWMCuQ); BioCollect (http://www.ala 
.org.au/biocollect/); and others. 

3. Generic domain-specific tools provide general data collec- 
tion/capture capabilities for projects within a specific area of 
science. There are many variations available (and a great 
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deal of non-compliance with standards), but typically these 
systems are based on a core domain-relevant data standard 
and/or schema such as Darwin Core (http://rs.tdwg.org 
/dwc/) in the biodiversity domain for species observational 
and collections data. Examples include: iNaturalist (http:// 
www.inaturalist.org/); iSpot (http://www.ispotnature.org 
/communities/global); Indicia (https://nbn.org.uk/news 
/instant-indicia/); Natusfera (http://natusfera.gbif.es/); 
and NatureMapr (http://naturemapr.com/). Some of these 
have also established large communities of users and include 
a range of different community-based mechanisms for verify- 
ing the accuracy and identifications of contributed records. 

. Bespoke project-specific tools are developed specifically 
for a particular project as either desktop or mobile apps, 
or a combination of both. Examples include: CrowdMag 
(https://www.ngdc.noaa.gov/geomag/crowdmag.shtml); 
Project Noah (http://www.projectnoah.org/); QuestaGame 
(https://questagame.com/); OPAL Water Survey (https:// 
www.opalexplorenature.org/WaterSurvey); and hundreds 
of others. 

. Data transcription tools are open platforms which facilitate 
crowd-sourced data transcription, enabling large amounts of 
data locked in analogue records to be mobilised as digital 
information and used in previously impossible ways. Such 
tools include DigiVol (https://volunteer.ala.org.au/); Trove 
(http://trove.nla.gov.au/); Notes from Nature (http://www 
-notesfromnature.org/); Ancient Lives (http://ancientlives 
.org/); Old Weather (http://www.oldweather.org/); the 
Smithsonian Transcription Centre (https://transcription.si 
.edu/); and others. 

. Education, engagement and support tools provide mainly 
look-up and read-only support information for specific 
domain areas. Examples include field guides and identifica- 
tion support apps such as versions of Australian museum- 
sponsored field guides to Australian fauna apps; various 
thematic versions of the Gaia Guide apps; the Waterbug App; 
various thematic Lucid key apps); etc. All of these are availa- 
ble in the Google Play and Apple iTunes app stores. 
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iv. How will the tool support the project and the community using it? 
Does it have all of the functionality and features required for the 
project? Can the project live with any deficiencies? Is it already 
used by similar communities elsewhere? 

v. Is customisation required and how customisable is it? 

vi. Does the tool have: 

a. Along-term future — is it sustained/maintained by an active com- 
munity or vendor; 

b. A technology upgrade pathway; and 

c. User and/or technical support? 


Best practice solutions 


The Business Dictionary defines ‘best practice’ as: ‘A method or technique 
that has consistently shown results superior to those achieved with other 
means, and that is used as a benchmark’. This assumes a static, or at least 
slow-moving environment, but technology is changing at a dizzying 
rate — therefore, this concept needs to be considered in the context of con- 
tinuous improvement when it is applied to information technology. 

Technology, like most things, does not stand still, it will always 
have innovators leading and pushing the boundaries of what is possible 
in both hardware and software, as well as early-adopter consumers with 
needs to be met that current solutions do not satisfy. It is both an ena- 
bler and supporter of current needs as well as a driver of new needs, 
because as new technologies fulfil current needs it is possible to see 
opportunities and applications for even newer innovations and technol- 
ogies. In a nutshell: Innovators envision needs beyond the horizon and 
push the boundaries of the present; early-adopters consume innova- 
tions and through demand, fuel even more innovation; while old inno- 
vations become the new normal for the masses and old norms are 
displaced. This is how progress is made. 

A multiplicity of different solutions is currently being independently 
developed to meet similar needs at different times and places, and the 
whole scene is constantly evolving. Therefore, the concept of ‘best practice’ 
solutions are only ever relative to a given point in time, essentially reflect- 
ing the solution available at a given time which best meets the requirements 
and needs of a demographic of consumers/users at that time. 

There is unfortunately a long way to go to realise the goal of a fully 
connected and functioning information supply chain, but progress is being 
made by many dedicated people around the world. There is also a grow- 
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ing enthusiasm and commitment amongst many of the major global infra- 
structure providers to collaborate more effectively to deliver more unified 
(interoperating) and integrated technology platforms, as well as to build 
a global community of practice to maintain and enhance the platforms in 
the most cost-efficient and impactful ways possible (see also Williams et al. 
in this volume). For example, Australia’s national biodiversity data aggre- 
gator, the Atlas of Living Australia, with the support of the Australian 
government, has developed a suite of current best-practice tools and made 
them freely available worldwide under open source licences. 

Case studies below highlight how this ‘Living Atlas’ software plat- 
form (box 5.2) is now being adopted by other countries (boxes 5.3 and 5.4) 
and is facilitating major improvements in data quality; data mobilisa- 
tion and processing efficiency; and data accessibility and reuse; as well 


Box 5.2. Case study - The Atlas of Living Australia (ALA - www.ala 
.Ofg.au) 


Stephanie von Gavel, ALA Business Development 


The Atlas of Living Australia was established by Australia’s premier 
research body the Commonwealth Scientific and Industrial Research 
Organisation (CSIRO) and many partner organisations includ- 
ing museums, biological collections, research organisations and 


tot vn Australia [a search the Atlas | 


Start exploring ~ Search &analyse ~ Participate ~ Learn about the ALA ~ 


The Atlas of Living Australia is a collaborative, 
national project that aggregates biodiversity data 
from multiple sources and makes it freely 
available and usable online. 
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Occurrence Records Species Data downloads Registered users 


73.071.982 121.513 1.610.789 34.437 


Fig. 5.2 Website Atlas of Living Australia 


(continued) 
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government (state and federal) to provide a consistent compre- 
hensive single point of access for Australia’s biodiversity data and 
species information. It is funded by the Australian government 
via its National Collaborative Research Infrastructure Strategy 
(NCRIS) and is hosted by the CSIRO. 

This web-based infrastructure comprises a modular suite of 
inter-connected databases, web applications (tools), APIs, and 
mobile apps. Data, which is not owned by the ALA, is also part of 
the infrastructure. The tools support the capture, aggregation, 
management, discovery, visualisation and analysis of all classes of 
biodiversity information. They are used for a wide range of pur- 
poses, including research, biodiversity discovery and documen- 
tation, environmental monitoring and reporting, conservation 
planning, biosecurity activities, education and citizen science. In 
addition, external enterprises and organisations are using the 
open infrastructure to create and enhance their own products and 
services. For more information on the Living Atlas platform, see 
http://living-atlases.gbif.org/. 

Prior to the ALA, a major barrier to Australia’s biodiversity 
research and management efforts was fragmentation and inacces- 
sibility of data. Information was generated and siloed, housed in 
museums, herbaria and other collections; universities; research 
organisations; and government agencies, as well as with individ- 
ual citizen scientists and researchers. 

The ALA brings together biodiversity data and associated 
information from a wide variety of sources, processing and linking 
it together, and making it accessible from a single place in a stand- 
ard format via a set of purpose-built tools and services. Accessing 
biodiversity data is now free and more efficient than ever before, 
as the ALA has already addressed a wide range of data access 
issues for all consumers which would otherwise have to be negoti- 
ated individually by each data consumer. 

The ALA is the Australian node of the international open- 
data infrastructure the Global Biodiversity Information Facility 
(GBIF). The ALA has also ‘open sourced’ its software as the Living 
Atlas Platform to encourage the development of a collaborative 
community of practice around the infrastructure, and to facilitate 
interoperability and cost savings to the global biodiversity commu- 
nity. Accessible and affordable technology platforms empower and 
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enable people to participate more actively in biodiversity knowledge- 
building activities. This democratises biodiversity science and 
develops fascination and enquiry among the next generation of 
scientists. 

As an exemplar for open infrastructure, open data and data 
reuse, the Living Atlas platform is being adopted and used by an 
ever-increasing number of organisations both domestically and 
internationally. The data available via the ALA are also being used 
for a multitude of purposes. Atlas of Living Australia tools provide 
capability in many areas across the spectrum of the information 
supply chain. 

The Living Atlas platform supports many different systems — 
whether they be separate instances of the software suite, or hubs 
(different thematic interfaces over one common instance of the 
platform). Open APIs also allow others to independently access 
data and some data processing services. 

The ALA is a strong supporter of citizen science and has part- 
nered with the Australian Citizen Science Association (ACSA) to 
provide the national citizen science projects catalogue. The Atlas 
of Living Australia also directly supports numerous projects col- 
lecting data through the BioCollect tool (http://biocollect.ala.org 
.au/acsa). The project finder exchanges project information with 
the SciStarter (www.scistarter.com) system in the United States 
and, through the PPSR-Core initiative, various catalogues of citi- 
zen science projects are being progressively connected to enable 
fast and simple discovery and access to projects of interest from a 
comprehensive list of projects from around the world. 


Box 5.3. Case study — GBIF France 


Marie-Elise Lecoq, GBIF France, Systems Development and Support 


The Global Biodiversity Information Facility (GBIF) is an inter- 
national open-data infrastructure for biodiversity data. GBIF 
encourages and helps participant countries to publish and share 
biodiversity data to support international biodiversity research, 
inform pan-national policy and improve management outcomes 


(continued) 
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Fig. 5.3. Website Global Biodiversity Information Facility France 


for biodiversity, in other words, better decisions to conserve and 
sustainably use the biological resources of the planet. 

The Global Biodiversity Information Facility operates through 
a network of collaborating nodes which share skills, experiences 
and technical capacity. Its vision is, ‘A world in which biodiversity 
information is freely and universally available for science, society 
and a sustainable future’. To achieve this, GBIF provides and endorses 
tools which help publishers share their own data using standards 
such as DwC (Darwin Core). Experiences and developments made 
by GBIF nodes increased the list of GBIF tools with a set of reusable 
ones. GBIF France decided to work with software developed by 
the community, especially the ALA platform (see box 5.2). 

This platform was chosen because it is a powerful infrastruc- 
ture that has already addressed a lot of GBIF France requirements, 
meaning that work was only needed to install the system and add 
national specificities (language, data, design, etc.). As a result, 
the French portal of GBIF France was established within a year 
and was later enhanced with the addition of the ALA spatial por- 
tal. GBIF France developed and optimised their performance to 
produce an attractive feature-rich portal within two years. Due to 
the efficiency of the development, GBIF France decided to partici- 
pate more in growing and supporting the community around ALA 
modules. 
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Table 5.1 Countries currently using the Living Atlas platform 


Country Link to Platform 

Australia http://www.ala.org.au/ 

Argentina http://datos.sndb.mincyt.gob.ar/ 

Brazil https://portaldabiodiversidade.icmbio.gov.br 
Costa Rica http://www.crbio.cr/crbio/ 

France http://portail.gbif.fr 

Spain http://datos.gbif.es/ 

Portugal http://dados.gbif.pt/ 

UK http://www.als.scot/ and https://nbnatlas.org/ 


The commitment of ALA, GBIF France, GBIF Portugal, GBIF 
Spain and several others to this community has multiple forms. 
Since 2013, a technical workshop held at least once a year has 
presented ALA modules to new users, to improve existing data 
portals and to learn from others’ successes and achievements. For 
instance, GBIF France was the first outside the ALA team to install 
the spatial portal and gave feedback on this experience to the 
growing ‘Living Atlas’ community at the workshops. The meetings 
are motivating for new users because they can see that they can 
gain a powerful tool for themselves and for other participants with 
relatively little time and investment. Indeed, during training, tech- 
nical teams get ideas from other projects and can also complete 
significant work on their own project. Community members have 
also shown the result of this collaborative work through presenta- 
tions and posters at international conferences around the world. 
Finally, the international community around ALA have helped 
other institutions who do not have the technical competencies to 
implement their own data portal, especially in Africa. 

Thanks to these engagements, seven data portals using the 
ALA platform were released between 2014 and 2016 (table 5.1), 
with several others currently in development and more investigat- 
ing its use. 

This ALA community is therefore helpful for organisations or 
associations who want to install a data portal but do not have the 
technical competence or staff to do so. 
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Box 5.4. Case Study - NBN, United Kingdom 


Flla Vogel, NBN UK, Programme Development and Support 


The UK National Biodiversity Network (NBN) has a long history 
of activity in biological recording and citizen science. In 2015 it 
undertook a review of its online data-sharing infrastructure and 
concluded that the current system was no longer fit to serve the 
growing needs of the Network. Three options were considered: (1) 
Develop a new platform from scratch; (2) re-engineer and enhance 
the existing platform to accommodate required functionality; and 
(3) adopt an existing platform to replace the old system. When the 
ALA open source platform (see box 5.2) was presented to the NBN 
Secretariat, it was clear that the most time and cost-efficient way 
to move forward was to adopt this infrastructure in the UK. 

The pilot, NBN Atlas Scotland, was launched in 2016 as the 
precursor to the new core NBN Atlas. Implementation of the Living 
Atlas platform has enabled the UK to shift its attitude to data acces- 
sibility to being more open with improved data sharing both within 
the UK and globally. Previously, record sharing via the NBN Gate- 
way was done under a bespoke NBN Data Exchange Format. Within 
the UK this worked well, but with a more global outlook it is impor- 
tant that common and interoperable formats are used. Data can 
now be shared both within the UK and internationally using com- 
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mon Darwin Core-based standards. The new system has also 
encouraged the use of creative commons licences, allowing data- 
sets to be more easily used by others domestically and internation- 
ally in research, policy and planning at any scale. 

Over the years, many questions have been raised about how 
to mobilise historic datasets; how to empower citizen scientists to 
collect biological records in a transparent, consistent and peer 
reviewed way so that their efforts are seen as equal alongside the 
work of professionals; how to provide access to biological records 
by network members; and how to combine datasets and data lay- 
ers to undertake detailed analysis, without having to each have 
access to separate tools and different systems to perform each step. 
The Living Atlas infrastructure has provided solutions to these and 
many other issues and has given the NBN a clear direction for 
future development. With a global developer base to contribute to 
and learn from, there is stability in the future of the Atlas platform 
and endless opportunities for growth and development. 


as facilitating change in the way that people think about the whole infor- 
mation supply chain and the value of their data beyond the project that 
they used to collect it. 


Conclusion 


It is not the aim of this chapter to pick ‘winners’ among the large pool of 
current technology solutions serving the citizen science community. 
Instead, it aims to highlight that ‘best practice’ in technology is a rapidly 
moving target and that at any given time there will always be a range of 
old and new technologies, features, capabilities and costing models among 
the wide array of tools available. However, within this environment, there 
are some fundamental considerations for citizen science projects when 
choosing appropriate infrastructure solutions to support their needs. 
These choices can determine the real value of a project’s outputs to 
downstream scientific endeavours and supply chain outcomes. 
Arguably, notwithstanding the direct and sometimes profound 
personal, social and environmental benefits of public participation in 
scientific activities, the most enduring element — where public contribu- 
tions to science will likely have their greatest impact — is the information 
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which they generate. However, to be of real value, this information must 
be accessible to the information supply chain in a timely manner and in 
a form which is suitable for use throughout. 

Therefore, the application of standards in data collection, data trans- 
mission, and the descriptions of datasets and collection methods are 
critical to scientists and policymakers accepting and giving proper value 
and respect to, citizen science data and the enormous volunteer commit- 
ment made by citizen science participants worldwide. Well-designed IT 
infrastructures, which include in-built processes and rules to enforce 
standards and data quality, as well as mechanisms for standards compli- 
ant data sharing, can fulfil such requirements with minimal impact on 
users. Solutions that include such features should therefore be chosen 
over those that do not. Such market-based demand-driven choices will 
encourage all infrastructure providers to engage with the standards frame- 
work, which is critical to a functioning information ecosystem. 
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Highlights 


e Evaluation concepts for citizen science are required both by policy- 
makers, to improve citizen science funding schemes and by project 
initiatives, to enhance their project management. 

e Citizen science programmes should be evaluated along three dimen- 
sions of participatory science: (i) scientific impact, (ii) learning and 
empowerment of participants and (iii) impact for wider society. 

e Evaluation and impact assessment should embrace the diversity and 
emerging nature of citizen science. 

e An open framework for evaluation can be adapted and tailored to 
the specific goals of citizen science programmes. 


Introduction 


An exponential rise in citizen science projects is currently taking place 
(Kullenberg & Kasperowski 2016), bringing innovation potential for sci- 
ence, society and policy (Holocher-Ertl and Kieslinger 2015). There are 
indications that citizen science contributes to transformational change in 
science and society through the formulation of new research questions by 
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both members of the public and the scientific community and through the 
joint discovery of solutions to regional (e.g., Lee, Quinn & Duke 2006), 
national and even global (Theobald et al. 2015) problems of societal and 
scientific relevance. 

As citizen science can contribute to learning about the processes 
of scientific enquiry and to a deeper understanding of scientific outcomes 
(Riesch & Potter 2014; Bela et al. 2016; Richter et al. 2016; and see 
Edwards et al. in this volume), it may lead to improved understanding, 
uptake and implementation of transparent and responsive research in 
society. In this way, citizen science is an approach that encourages stew- 
ardship, fosters empowerment and contributes to Responsible Research 
and Innovation (RRI) (Sutcliffe 2011; Wickson & Carew 2014; and see 
Smallman in this volume). All in all, the innovation potentials of citizen 
science are in line with calls for open and responsible science (European 
Commission 2016d). 

The growing appreciation of the power of citizen science has resulted 
in the establishment of new funding schemes for citizen science, such as 
OPAL in the UK (Imperial College London 2016), the TOP CITIZEN 
SCIENCE programme in Austria (Zentrum fiir Citizen Science 2016), or 
the new explicit citizen science funding scheme in Germany by the Min- 
istry of Education and Research (BMBF). Associated with this develop- 
ment, context-adaptable evaluation criteria are required to assess the 
impact of citizen science programmes on science, society and policy. Eval- 
uation criteria are needed to inform both proper citizen science funding 
support and effective project management. Evaluation should assess the 
value of citizen science for different outcomes and/or processes. This 
comprises a systematic assessment of both the effectiveness and effi- 
ciency of an activity or programme against a set of explicit or implicit 
standards and criteria. There are two aspects to evaluation: (i) outcome- 
based evaluation, which assesses the overall goals of activities or pro- 
grammes and the benefits to participants and recipients of the results 
and; (ii) process-based evaluation, which identifies the operational 
strengths and weaknesses of activities or programmes. 

This chapter presents a framework of evaluation criteria focusing 
on both the process and outcome level of citizen science projects. It is an 
open framework for evaluating diverse citizen science initiatives, based 
on an in-depth review of the characteristics and diversity of citizen science 
activities and current evaluation practices. These are applicable for pro- 
jects ranging from grassroots initiatives to those led by academic scien- 
tists. The framework incorporates the scientific, social and socio-economic 
perspectives of citizen science and is aligned with the Ten Principles of 
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Citizen Science (see Robinson et al. in this volume). The indicators devel- 
oped are intended to serve as a foundation for quantitative and qualitative 
data collection instruments. 


Citizen science evaluation 


There are currently no commonly established indicators for evaluating 
citizen science, and individual projects have the challenge of defining the 
most appropriate way to collect evidence of their impact. While some 
experts focus on the learning gains of participants (e.g., Phillips et al. 
2014; Masters et al. 2016; and see Peltola & Arpin in this volume), others 
concentrate on the scientific gains and socio-ecological relevance (Jordan, 
Ballard & Phillips 2012; Tulloch et al. 2013; Bonney et al. 2014). Haywood 
and Besley (2014) made a first attempt towards an integrated assessment 
framework by combining indicators from science education and partici- 
patory engagement. The evaluation of the scientific impact of projects is 
challenging, since many approaches exist and many are criticised for their 
shortcomings (Allen et al. 2009). 

Evaluation methods demonstrating impact on individual partici- 
pants are common (e.g., Brossard et al. 2005), and include aspects like 
gains in scientific knowledge or skills as well as wider personal impact in 
terms of behavioural change, interest in science, motivation and ability to 
participate in science (Phillips et al. 2014). Personal development of par- 
ticipants is an important aspect of any citizen science project but evalu- 
ation is based only on personal learning outcomes and may miss out on 
other important aspects, such as wider societal impact. Behavioural 
changes, such as taking stewardship and civic action (Crall 2010; Phil- 
lips et al. 2014), point towards an assessment of such social implica- 
tions. Shirk et al. (2012) therefore recommend a more holistic approach 
to project evaluation, accounting for impact on scientific knowledge and 
individual development as well as broader socio-ecological and economic 
impacts. Similarly, a more comprehensive approach to evaluation might 
operate on three levels — individual, programme and community — and 
stress the potential impact of citizen science on social capital, community 
capacity, economic impact and trust between scientists, managers and the 
public (Jordan et al. 2012). 

Experts advise to define learning goals and expected learning out- 
comes at the beginning of a project to develop an appropriate and custom- 
ised evaluation strategy (Jordan et al. 2012; Phillips et al. 2014; Tweddle 
et al. 2012). Otherwise, project evaluation risks not properly assessing 
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the learning gains of individuals or documenting genuine impact (Skrip 
2015). The use of a variety of evaluation methods is recommended, such 
as pre- and post-project surveys or examination of the correspondence 
between participants and project co-ordinators (Bonney et al., ‘Public 
Participation’, 2009). Evaluation also has a role in adaptive project man- 
agement (Wright 2011). Continuously sharing experiences and lessons 
learnt with all stakeholders supports the social learning process and con- 
tributes to an iterative improvement of citizen science projects and pro- 
grammes. This can be supported by iterative evaluation during the course 
of the project, allowing for flexibility and the possibility to counteract 
undesirable project developments (Skrip 2015; Dickinson et al. 2012). 

Despite these contributions to evaluation, citizen science projects 
currently lack comprehensive evaluation frameworks that would allow 
for comparability across projects and programmes (Bonney et al., ‘Citi- 
zen Science’, 2009; Bonney et al. 2014; Crall et al. 2012). Arecently pub- 
lished evaluation rubric (Tredick et al. 2017) tries to fill this gap in citizen 
science programme evaluation by including the main elements found in 
literature, but it still remains weak on the social implications of citizen 
science. Citizen science stakeholders continue to seek flexible evalua- 
tion strategies that adapt to specific project contexts (Schafer & Kies- 
linger 2016) and initiatives have begun worldwide to build capacity 
(Richter et al. in this volume), guide citizen science development (e.g., 
Pocock et al. 2014b; Pettibone et al. 2016) and professionalise evalua- 
tion. The European Citizen Science Association (ECSA) has taken important 
steps by developing Ten Principles of Citizen Science (Robinson et al. in 
this volume) and the framework presented here aligns with these evalu- 
ation criteria. 


Developing evaluation criteria for citizen science 


The evaluation criteria presented in this chapter are the result of a review 
of existing projects and literature, as well as qualitative analysis includ- 
ing stakeholder consultation, expert interviews, and iterative adaptation 
and additional feedback loops with stakeholders. This was led by two 
working groups focusing on the social sciences and natural sciences, 
respectively, and the evaluation criteria have undergone a circle of 
refinement since this work began in July 2015 (see figure 6.1). 

A narrative literature review included surveying the databases Sco- 
pus, Web of Science and Google Scholar as well as the library of the 
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Fig. 6.1 Methodological approach to developing the evaluation 
framework 


University of Natural Resources and Life Sciences, Vienna. Practical 
online evaluation guidelines were screened from citizen science organ- 
isations worldwide and websites that provide access to citizen science 
resources and projects (www.buergerschaffenwissen.de, scistarter.com, 
Citizen Science Central from the Cornell Lab of Ornithology, Centre 
for Ecology and Hydrology). Analysis of current evaluation practice 
focused mainly on areas in which citizen science projects differ from non- 
participatory scientific projects, such as communication, learning, tech- 
nology participation and data management. The analysis was reinforced 
by 10 semi-structured expert interviews and expert consultation to gain 
feedback on scope, completeness, usefulness and applicability of the 
evaluation criteria and framework. The experts from Austria and Ger- 
many were selected based on their different approaches towards citizen 
science, covering practical as well as theoretical and evaluation-specific 
expertise, and with an even gender ratio. Further, a stakeholder workshop 
was conducted with 20 representatives of Austrian citizen science pro- 
jects and four representatives of the funding body, the Austrian Federal 
Ministry of Science, Research and Economy to gain insight into the gene- 
sis of a citizen science project or programme. 
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Citizen science evaluation framework 


Three core dimensions of evaluation emerged: 1) scientific dimension, 

2) participant dimension and 3) socio-ecological and economic dimension 

(see table 6.1). For each of these dimensions, criteria are proposed at the 

‘process and feasibility level as well as at the ‘outcome and impact’ level. 
This framework can be applied for: 


e Strategic planning and funding assessments of citizen science pro- 
posals; 

e Monitoring progress during project duration; and 

e Assessing impact at the end of a project. 


In the course of the project lifecycle, the emphasis of evaluation 
would gradually shift from process and feasibility to outcome and impact. 
Process and feasibility ensures that projects prepare the groundwork for 
upcoming activities by engaging with concepts, methodologies and adap- 
tive planning during their initial phase. Outcome and impact come into 
play when the first impacts on science, citizens and socio-ecological/ 
economic systems can be measured. 


Table 6.1 Citizen science evaluation framework 


Dimension Process and feasibility Outcome and impact 
Scientific e Scientific objectives e Scientific knowledge and 
e Data and systems publications 
* Evaluation and adaptation ° New research fields and 
3 structures 
e Collaboration and 
synergies e New knowledge resources 
Participant e Target group alignment e Knowledge and science 
e Degree of involvement literacy 
* Facilitation and e Behaviour and ownership 
communication e Motivation and 
engagement 
Socio- e Target group alignment e Societal impact 


ecological and . Active involvement 


economic f 
e Collaboration and 


synergies 


e Ecological impact 


e Wider innovation 
potential 
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Scientific dimension 


Indicators at the process and feasibility level analyse the scientific ground- 
ing of the citizen science project. A clearly defined and genuine research 
question is the scientific basis of all future activities. It should be appro- 
priate to citizen science approaches and meet the interests of participants 
(whether in terms of societal relevance or basic scientific curiosity). Good 
data quality control and validation processes are crucial success factors. 
Conceptual approaches such as research ethics, the proper management 
of (open) data as well as intellectual property rights issues need to be 
addressed from the beginning (see Williams et al. in this volume for more 
on these issues). Progress monitoring is also important; it should allow 
for flexibility and may lead to adaptive management during the project. 
New forms of sustainable collaboration between scientists, citizens and 
other societal actors and groups are also relevant here. 

At the outcome and impact level, projects should be evaluated accord- 
ing to traditional academic standards, such as the generation of genuine 
scientific knowledge, captured in publications and possibly leading to new 
projects or collaborations. In addition, indicators should assess project 
impact on institutional or organisational structures and new forms of inte- 
grating traditional and local knowledge, thereby facilitating true knowl- 
edge exchange between science and society (see also Danielsen et al. in 
this volume). 


Participant dimension 


At the process and feasibility level, project design needs to include engage- 
ment and communication strategies. These should cater to different par- 
ticipant groups in terms of levels of engagement and interactive support 
measures and training to facilitate successful participation and collabo- 
ration (see Haklay in this volume). Working with civic society organi- 
sations may facilitate the participation of specific target groups and 
individuals with a genuine interest in the topic. 

When it comes to assessing the outcomes and potential impact at the 
individual level, personal learning and development gains are key. Did 
participants develop new knowledge or skills, and does that increase their 
understanding of, and attitude towards, science? Did they enjoy the pro- 
ject and/or gain personal satisfaction from contributing to science and 
possibly to (local) policy development? Personal gains by individual par- 
ticipants may lead to changes in attitude and behaviour as well as an 
increased sense of ownership and empowerment, while the participation 
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Table 6.2 Evaluation criteria and supporting questions 


Dimension Criteria Supporting questions 


Scientific Process and feasibility 
Scientific objectives (Principles* 1, 2, 3) 
Scientific goals Are the scientific goals sufficiently clear 
and authentic? 


e Is the scientific objective appropriate to 
citizen science? 


e Does the project adhere to the principle 
of joint knowledge creation in citizen 
science? 


e Does the scientific objective have 
relevance for society and does it address a 
socially relevant problem? 


Data and systems (Principles 2, 3,7,10) 


Data quality e Does the project have clear processes 
and standards defined to validate and guarantee high 
data quality? 
e Does the data adhere to common 
standards? 
Ethics, data e Does the project have a data 
protection, management plan, IPR strategy and 
Intellectual ethical guidelines? 
Property Rights e are data ownership and access rights 
(IPR) clear and transparent? 
e Is the data handling process transparent? 
e Do citizens know what the data is used 
for, and where it is stored and shared? 
Openness, e Does the project have open interfaces 
interfaces to connect to other systems and 


platforms? 


e Is the generated data shared publicly and 
if so, under which conditions? 


e Is the project data appropriately archived 
for future analysis? 
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Table 6.2 (continued) 


Dimension 


Criteria Supporting questions 


Scientific 


Process and feasibility 
Evaluation and adaptation (Principle 9) 


Project e Does the project have a sound evaluation 
evaluation concept, considering scientific as well as 
societal outcomes? 


Does the evaluation concept include 
indicators regarding the impact on 
individual participants and users of the 
project results? 


Is evaluation planned at strategic points 


of the project? 
Adaptive e Are project structures adaptive and 
project reactive, including feedback loops for 
management adaptation, and possibly a scoping phase? 


Does the project have an appropriate risk 
management plan? 


Collaboration and synergies 


Collaboration ° Does the project collaborate with other 
and synergies initiatives at the (inter-) national level to 
enhance mutual learning? 


e Does the project link to experts from 
other disciplines? 
Outcome and impact 
Scientific impact (Principles 6, 8, 9) 


Scientific e Does the project demonstrate an appro- 
knowledge and priate publication strategy, both in 
publications scientific and other media outlets? 


e Are citizen scientists recognised in 
publications and if so, can they partici- 
pate in the dissemination of results? 


New fields of e Did the project generate new research 
research and questions, projects or proposals? 
research 


e Did the project contribute to any institu- 


structures tional or structural changes? 


(continued) 
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Table 6.2 (continued) 


Dimension 


Criteria Supporting questions 


Scientific 


Participant 


Outcome and impact 
Scientific impact (Principles 6, 8, 9) 
New knowledge ° Does the project ease access to traditional 
resources and local knowledge resources? 
e Does the project contribute to a better 
understanding of science in society? 
Process and feasibility 


Involvement and support (Principles 1, 4) 


Target group e Does the project have an involvement 
alignment plan that considers specifics of different 
target groups? 
e Are the options for participation and the 
degree of involvement diversified (e.g., 


gamification)? 
Degree of e Can citizens participate in various project 
participation phases? 
intensity e Do citizens and scientists work as 


mutually respected partners in the knowl- 
edge generation process? 


Facilitation and ° Are support and training measures 
communication adapted to the different participant 
groups? 


e Are objectives and results clearly and 
transparently communicated? 


e Do citizens receive regular feedback? 


e How interactively is communication and 
collaboration between scientists and 
citizens organised? 


Outcome and impact 


Individual development (Principle 3) 


Knowledge, e What are the learning outcomes with 
skills, regards to new knowledge, skills and 
competencies competencies for the participants? 
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Table 6.2 (continued) 


Dimension 


Criteria Supporting questions 


Participant 


Outcome and impact 

Individual development (Principle 3) 

Science literacy ° Does the project contribute to a better 
understanding of science? 


e Does the project contribute to a better 
understanding of the scientific topic? 


Behaviour and * Does the project foster ownership 
ownership amongst participants? 


e Does the project contribute to facilitating 
personal change in behaviour or political 


citizenship? 
Motivation and e° Does the project raise motivation, 
engagement self-esteem and empowerment amongst 
participants? 


e Are participants motivated to continue 
the project or involve in similar activities? 


Socio-ecological and economic 


Process and feasibility 


Dissemination & communication (Principle 5) 


Target group e Does the project have a targeted outreach 
alignment & and communication strategy to reach a 
active involve- wide audience? 

ment, two-way e Does the project include innovative 


communication means of science communication and 


popular media, (e.g., art or hands-on 
experiences)? 


e Do citizens have the possibility for 
two-way communication? 


Collaboration e° Are collaborations planned with the 
and synergies media and science communication 
professionals? 


e Does the project leverage civic society 
organisations for communication and 
synergies? 


(continued) 
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Table 6.2 (continued) 
Dimension Criteria Supporting questions 
Socio-ecological and economic 

Outcome and impact 

Societal impact (Principle 9) 


Collective e Does the project contribute to the 
capacity collective capacity of the participants 
in achieving common goals? 
Political e Does the project stimulate political 
participation participation? 
e Does the project impact on policy 
processes and decision-making 
(e.g., through agenda-setting or data 
contribution for policy evaluation)? 


Ecological impact (Principle 10) 


Targeted e Does the project include objectives that 
interventions, protect and enhance natural resources 
control and/or foster environmental protection? 
function 


e Does the project contribute to higher 
awareness, knowledge and responsibility 
for the natural environment? 


Wider innovation potential (Principles 9, 10) 


New e Does the project foster the use or 
technologies development of new technologies? 
Sustainability, ° Does the project consider sustainability 
social innova- (environmental impact or sustained social 
tion practice relations) as part of the project plan? 


e Are the project results transferable to 
other contexts or organisations? 


e Does the project contribute to social, 
technical or political innovation? 


Economic e Does the project generate any economic 
potential, impact or competitive advantages, 
market (e.g., cost reduction, new job creation, 
opportunities new business models, etc.)? 


e Does the project foster co-operation 
for exploitation, (e.g., with social 
entrepreneurs) ? 


* Principles mentioned in this table refer to ECSA principles (Robinson et al. in this 
volume) 


of young citizens may raise their interest in embarking on a science career 
(see also Edwards et al.; Makuch & Aczel; Harlin et al., all in this volume). 


Socio-ecological and economic dimension 


Appropriate dissemination and outreach activities need to be considered 
at the process and feasibility level to enhance the wider social, ecological and 
economic impacts of citizen science projects. Key stakeholders need to be 
engaged in a two-way dialogue to foster ownership and participation. 
Seeking collaborations with, for example, civic society organisations, tend 
to further enhance visibility and impact. 

At the outcome and impact level, the wider societal impact should be 
assessed in terms of increasing civic resilience, social cohesion and social 
impact. Depending on the project, a focus on environmental or economic 
impact might be appropriate (see Owen & Parker; Schroer et al., both in 
this volume). The wider innovation potential of citizen science should be 
addressed against its contribution to societal transformation and sus- 
tainability goals. 

Overarching assessment criteria can also be matched with support- 
ing questions to qualify and detail potential evidence for each criterion 
(table 6.2). Such questions offer guidance for planning, monitoring and 
assessing citizen science projects, and have a reflective purpose, meaning 
that they should be tailored to specific projects or programmes. A mix of 
qualitative and quantitative assessment methods is recommended to col- 
lect the necessary data to answer these questions, such as online surveys, 
usage statistics, interviews, focus groups and so forth. The evaluation 
instruments need to be embedded in a solid evaluation plan tailored to 
each project, which may include concrete benchmarking of measurable 
targets to assess success during and after the project. 


Discussion of the evaluation framework 
and its applicability 


The presented framework touches one of the most relevant aspects of citi- 
zen science — how to evaluate citizen science? The developed open frame- 
work allows project managers and funders, the main target groups of this 
framework, to expand and adapt the evaluation criteria according to 
their specific needs. Adding the participant dimension on an equal level to 
the scientific and socio-ecological and economic dimensions indicates an 
expansion of focus from more traditional scientific projects. Empowering 
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citizens and facilitating critical participation is on equal terms with sci- 
entific objectives, triggering a need for new research designs (Sieber & 
Haklay 2015). 

Key decisions about framework implementation should be informed 
by a project’s target groups and processes. It is also important to iden- 
tify whether project evaluation will be performed by project members 
themselves, funding agencies, external experts or as a collaborative 
effort. Importantly, evaluation should be included in time and resource 
budgeting. Gathering evidence is resource-intensive and projects should 
seek a balanced approach in terms of measures and expected outcomes. 

If funding organisations plan to apply such a framework of evalua- 
tion criteria, the definitions of citizen science and expectations towards it 
need to be clearly communicated (Eitzel et al. 2017). Support measures, 
including specific evaluation guidelines and methods for proper evalua- 
tion, will need to be developed, and can build on existing guidance (e.g., 
Pocock et al. 2014b; Pettibone et al. 2016) and the evaluation criteria 
framework presented in this paper. 

The framework is intended to be comprehensive and its application 
needs tailoring and contextualising according to the spatial, temporal and 
socio-economic demands of the project or programme. Criteria need to 
be prioritised and may receive different weighting depending on project 
goals. While all Ten Principles of Citizen Science hold for all initiatives 
(Robinson et al. in this volume), some projects might have a special focus 
on social goals and succeed in creating greater societal impact, although 
they might not open new research fields or have economic potential. Nev- 
ertheless, all three dimensions — scientific, participant, and socio-ecological 
and economic — should be considered to benefit from the full potential of 
science-society collaboration. Synergies and trade-offs will need to be con- 
sidered, and an initial clear set of criteria and evaluative scales adds 
transparency to the whole process. Recording and monitoring project 
experiences along this criteria framework is required to evaluate and dem- 
onstrate good practice examples that may inform the development of 
successful citizen science. 

Overall, while a framework should be clear, adaptive capacity and 
openness is needed to embed learning and development in the project life- 
cycle. While evaluation should be comprehensive, it should not be static. 
In the course of a citizen science project, which often runs for years, the 
framework should allow for reflection on developments and contextual 
changes. In addition, long-term monitoring is necessary to capture a pro- 
ject’s far-reaching impact. 
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Conclusions 


This chapter has presented a citizen science evaluation framework that 
integrates three assessment dimensions: scientific advancement, citizen 
engagement and socio-ecological/economic impact. The evaluation cri- 
teria matrix and supporting questions can — and should — be tailored to 
different purposes. 

For funding agencies, the framework could inform the development 
and selection of evaluation criteria for citizen science initiatives. For citi- 
zen science projects, the supporting questions can support holistic reflec- 
tion on project strengths and weaknesses, as well as the potential for 
improvement both during project planning but also for adaptive project 
management and impact assessment. For scientific organisations, the 
three equal dimensions might enrich reflections on citizen engagement 
and impact on socio-ecological/economic systems. For civic society organ- 
isations, a closer look at the scientific perspective might offer opportunities 
to better exploit benefits from collaboration with science. 

Thus the evaluation framework can be used as (a) a planning instru- 
ment for designing projects; (b) a mid-term and final self-evaluation for 
projects; and c) an external evaluation for funding agencies. 

The presented framework needs to be transformed into a practical 
assessment tool for projects and initiatives, preferably through a mix of 
qualitative and quantitative methods, such as tailored online surveys, usage 
statistics, in-depth interviews or focus groups. It can assist in strategic 
planning, monitoring and impact assessment. It is hoped that these eval- 
uation criteria will trigger further discussion on measures of success and 
evaluation for different project approaches and contextual settings within 
the wider citizen science community. Overall, a proper evaluation frame- 
work will help to professionalise the citizen science community, foster and 
guide targeted funding support and, ultimately, increase the desired impact 
of citizen science on science and society. 
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Highlights 


e The growing success and take-up of citizen science needs to be 
accompanied by increased reflexiveness in the field. 

e Social science and humanities research shows that citizen science 
has a broad history and brings important alternative perspectives on 
the relationship between science and society. 

e Better collaboration between citizen science and the social sciences 
and humanities, especially Science and Technology Studies (STS), 
should be facilitated to the benefit of all parties. 


Introduction 


Citizen science reshapes hopes for a democratisation of scientific knowl- 
edge production through the empowerment of grassroots initiatives to 
conduct research. At the same time, more and more professional scien- 
tists, scientific institutions and policymakers have started to engage with 
citizen science, often pursuing the benefits of fostering participatory 
research in terms of their own goals, which may differ from those of citi- 
zen scientists (see also Ballard, Phillips & Robinson; Haklay; Novak et al.; 
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Smallman, all in this volume). In this situation, it becomes important to 
reflect on citizen science, including the many and varied projects, meth- 
odologies and communities that make up this approach to science and 
technology, as well as its recent popularity and the side effects thereof. 

Recent years have seen an increase in literature on citizen science 
from a growing and increasingly international (but mostly Western) net- 
worked community of practice (Kullenberg & Kasperowski 2016). Signifi- 
cantly, a journal has been founded to support discourse and reflections 
about citizen science, Citizen Science: Theory and Practice. These develop- 
ments point to the potential for a growing (and shared) reflexivity of citi- 
zen science. Reflexivity is understood here as the generation and exchange 
of knowledge about how citizen science works, with the aim of better 
understanding and improving it. Such reflexiveness, however, cannot be 
limited to merely making more knowledge about citizen science availa- 
ble, but fundamentally requires critical engagement with the underlying 
assumptions of participatory research as well as the practical consequences 
of these assumptions. The social sciences and humanities have an espe- 
cially important role to play here. 

A reflexive perspective should consider how participants, the 
people who do the work in citizen science projects, could be explicitly 
acknowledged and invited to integrate their views and needs into the pro- 
jects. However, the first issue of the Citizen Science journal appears to 
speak to the perspective of institutionalised science and the ‘scientific out- 
come’ of citizen science projects. For example, the most read articles cover 
topics including the ‘credibility’ of volunteered data (Freitag, Meyer & 
Whiteman 2016) and the ‘effectiveness’ of citizen science (Muenich et al. 
2016). The democratisation and empowerment of volunteers, which 
could also be framed as valid goals for citizen science projects as ‘the out- 
come for the people’, are largely absent. Critical observations of this kind 
are important when working towards greater plurality and inclusivity in 
citizen science. 

The success of citizen science and need to meet the expectations of 
various stakeholders (e.g., participants, researchers and policymakers) 
mean that citizen science practitioners in turn need to establish and con- 
tinuously refine a self-reflexive culture. Within such a culture, topics like 
the power relations between amateurs and experts or the community 
impact of citizen science projects should be discussed with other practi- 
tioners and participants. 

There is also a long history of scholars in the social sciences and 
humanities doing research on topics directly related to citizen science, 
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even before the term ‘citizen science’ was coined in its contemporary usage 
(e.g., Irwin 1995). This scholarship typically reflects on the phenomenon 
from the perspective of the various academic fields which explore the 
shifting relationship between science and society. For example, historians 
have begun to ask how citizen science fits into the broader history of pub- 
lic participation in science, while sociologists and political scientists 
are concerned with how the phenomenon reshapes expertise and the 
demarcation of social spheres in democratic societies (Strasser et al., 
forthcoming). Such reflections from the social sciences and humanities 
offer important contributions to the field. Researchers in these fields might, 
for instance, work together with citizen science practitioners and partici- 
pants to find and analyse pitfalls, and help identify and scrutinise the 
(sometimes implicit) biases that may occur while setting up a participa- 
tory endeavour. In this co-reflexive process, questions may arise, particu- 
larly around how to best manage access and remove barriers to research 
participation (e.g., at the level of language) and the manner in which 
the focus of science-public dialogue is framed (e.g., the kinds of questions 
that are — or are seen to be — important to the different parties to a citizen 
science project). 

Despite the increasing number of venues for exchange and critical 
discussion among practitioners as well as the proliferation of research on 
citizen science, citizen science practitioners and scholars from the social 
sciences and humanities sometimes still appear to be disconnected. There 
is an often misleading, but perpetuated, self-understanding of these com- 
munities as being part of different intellectual spheres — here the natural 
sciences with their ‘strict epistemologies’ and there the more ‘hermeneu- 
tical’ humanities (a longue durée of C.P. Snow’s ‘Two Cultures’ [Snow 
1959]). This can make it difficult to find common ground for exchange 
and co-production, even when it comes to topics or projects where a joint 
endeavour could be promising. Setting up self-reflective and multi-per- 
spective citizen science projects could be one of these endeavours and 
might hold the key to finally overcoming old distinctions, not only between 
‘experts’ and ‘laypeople’, but also between the ‘sciences’ and ‘humanities’ 
(see Dobreva 2016; Crain, Cooper & Dickinson 2014). 

This chapter has three aims: (1) to give examples from current social 
science and humanities research on citizen science; (2) to point out areas 
where joint ventures between these two communities promise to add 
value, illustrated by two case studies; and (3) to inspire further instances 
of co-operation by critically reflecting on the authors’ own attempts to 
produce such an encounter. It is also hoped that making this possibly 
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fruitful alliance accessible to the wider community of citizen science 
practitioners will stimulate further productive and critical engagement 
between the various communities engaged in citizen science. 


Current research on citizen science 


The first international European Citizen Science Association (ECSA) con- 
ference in Berlin (19-21 August 2016) aimed to give an overview of the 
current state of citizen science in Europe. From both a humanities scholar 
perspective and citizen science ‘activist’ perspective, it was evident that 
the citizen science scene is still in a phase of self-identification and devel- 
opment. While some, for example, the executive chair of ECSA in her wel- 
come speech, addressed citizen science as a global movement which frames 
the ‘idea of responsible citizenship and of responsible research’ devel- 
oping discursive and political power, others may treat citizen science more 
instrumentally as a tool for citizen involvement in the achievement of 
predetermined scientific and educational goals. 

Many discussions focused on questions about how to make the best 
of the involvement of the public in terms of scientific outcome. Questions 
such as ‘How reliable is the data produced by citizen scientists?’, ‘How can 
we measure “data quality”? and ‘How can we make citizens better “sen- 
sors” or better “observers”?’ were important to many scientists, citizen 
science practitioners and policymakers. Likewise, the standardisation of 
such ‘quality aspects’ and citizen science in general, as well as the profes- 
sionalisation of the field, were discussed. Other prominent topics included 
technology and learning outcomes (e.g., in schools) via citizen science. 
Citizen science was on the one hand framed as an additional ‘scientific 
method’ among others (that needs to follow an orthodox epistemology via 
‘universal’ values like scope, data quality, fruitfulness, etc.) rather than as 
an ‘opportunity for empowerment’ (see also Wyler & Haklay in this vol- 
ume). However, on the other hand, it has the potential to become both at 
the same time. 

With its strong focus on developing ‘policy and ‘standards’, the com- 
munity brought together at the ECSA conference framed citizen science 
in a way that did not focus on thinking about the societal and historical 
backgrounds of the phenomenon and corresponding theories. Addition- 
ally, the social sciences and humanities seemed to be rather absent from 
the main programme, which centred mostly on environmental sciences, 
citizen science technologies and methods, as well as the policy aspects of 
participatory approaches. Even if researchers from the social sciences and 
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humanities do not necessarily do much citizen science themselves, their 
perspectives could enhance the field when considered and operational- 
ised by practitioners and policymakers. Taking perspectives from the social 
sciences and humanities into account would benefit the citizen science 
community, for example, by bringing more knowledge about the sociol- 
ogy of citizen involvement or addressing some of the tensions and dilem- 
mas involved in citizen science work. 


Perspectives from Science and Technology Studies 


Social scientists and scholars of the humanities played a part in the move- 
ment towards making science more participatory through the 1990s and 
2000s, and have recently redeveloped their collective interest in the social 
structures, epistemologies and history of citizen science. Science and Tech- 
nology Studies (STS), an interdisciplinary field comprising approaches 
from sociology, history, philosophy and other disciplines, is the most 
prominent field of investigation from which such reflective studies 
originate. 

Current sociological and philosophical work on citizen science, for 
instance, discusses topics like the type and degree of participation and the 
agency of participants. Typical questions in the field include: How is par- 
ticipation framed by citizen science practitioners? How are volunteers 
engaged, and what is their motivation for partaking in citizen science? 
How does self-organisation function (e.g., Göbel et al. 2016)? Is citizen 
science part of a (serious) bourgeois leisure culture of the twenty-first cen- 
tury? Which endeavours and projects are framed as citizen science and 
why? A good example of this is the work from the research group around 
Lorenzo del Savio, Barbara Prainsack and Alena Buyx. In a current publi- 
cation, they question whether crowdsourcing could also be framed as 
citizen science (del Savio et al. 2016). Furthermore, STS scholars Dana 
Mahr and Sascha Dickel (forthcoming) ask whether it is possible to 
enhance citizen science beyond ‘invited participation’ in a less linear way 
(with professional scientists ‘on top’ and participants ‘at the bottom’), as 
Yochai Benkler’s concept of commons-based peer production suggests 
(Benkler 2006). 

From the perspective of historians of science, the emergence of citi- 
zen science is neither new nor surprising. It is embedded in the larger rela- 
tional history of science, society and politics: from public experimentation 
in the eighteenth century (Shapin & Schaffer 1985), the large natural his- 
tory networks of lay experts in the nineteenth century (Mahr 2014), the 
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‘science for the people’ and social responsibility of science movements of 
the 1970s, to the deliberative consensus conferences about environmen- 
tal issues and participatory action research in the 1990s and 2000s (Irwin 
1995; Mahr 2016). All these historically well-explored episodes prove that 
the demands of citizens to partake in processes related to science cannot 
be described as an exclusive phenomenon of the twenty-first century. 

According to historical work, science almost always relies on lay 
expertise and lay assistance by members of the societies in which it 
unfolds. The scientific spectacles of the Ancien Régime testify to this as well 
as the networked activities of Darwin, Wallace and Mendel, or the mass- 
work of volunteers collecting plant specimens for Carl Linnaeus and his 
binominal nomenclature (Shapin & Schaffer 1985; Golinski 1999; Ben- 
saude-Vincent & Blondel 2008; Shapin 2010). The epistemological goal 
of this natural history-type of science was to unfold the book of nature 
by collecting and comparing huge amounts of data (Strasser 2011), an 
approach to research that provoked collaboration with various publics, for 
example, large-scale networks of volunteers conducting field observations 
in vast geographic areas for biogeographical research (Mahr 2014). In the 
nineteenth century, this resulted in a ‘knowledge society’ integrating sci- 
entific citizenship. Although the professionalisation of science had already 
begun at this time, the rising and confident bourgeoisie framed volunteer 
scientific work as a highly valuable and meaningful leisure activity. There- 
fore, thousands of laypeople-driven scientific societies emerged and 
fostered research that could keep up with the work conducted by profes- 
sionals (Daum 2002). In sum, modern science was naturally considered 
as something that had tasks for almost everyone who was willing to 
participate. Science and society were inseparable. 

This raises the question of why, in the early twenty-first century, sci- 
ence has become something that needs to be reconnected with society — 
why is modern science detached, estranged, unintelligible, not helpful 
on everyday issues and sometimes not even fully trustworthy (for exam- 
ple in the cases of nuclear research, GMO (genetically modified organ- 
isms) or pharmaceutical research)? Relatedly, why do many people hope 
to overcome this situation by participating in (or setting up) ‘citizen sci- 
ence’? The answers to these questions are complex, but two factors are 
noteworthy: the rise of experimentalism in the twentieth century and the 
process of social differentiation. Experimentalism brought science from 
the field to the laboratory (Kohler 2002; 2006); in other words, from open 
spaces to closed ones, not accessible to everyone. Furthermore, experi- 
ments needed special — often expensive — equipment and required dis- 
tinctive education. Social differentiation goes hand in hand with this since 


CITIZEN SCIENCE 


Box 7.1. Case study 1. Who are the citizen scientists? 


At the core of citizen science projects lies the belief that the mak- 
ing of science can be improved by extending participation in the 
research processes to a broader public. Whether they are called 
‘amateurs’, ‘the crowd’, ‘people’ or ‘citizens’, unpaid participants 
are increasingly enrolled by scientists not just to discuss and learn 
science, but also to actively engage in the production of scientific 
knowledge. However, little is known to date about who these par- 
ticipants are, especially with regard to their education and profes- 
sional backgrounds (but see also Haklay in this volume). The 
limited surveys which have been carried out tend to represent only 
the most active participants and do not represent the majority of 
participants. 

A project by Jérôme Baudry, Elise Tancoigne and Bruno 
Strasser focuses on the identity of participants in distributed 
computing, where volunteers share their computer(s)’s power to 
advance data processing in several research areas. The project 
mines the online profiles of the dedicated BOINC platform (where 
projects include Seti@home, Rosetta@home and LHC@home, 
among others) as well as the users’ data (e.g., points earned, coun- 
try) to provide a richer picture of the demographics of volunteering 
in science. 


the accelerated division of labour in the first half of the twentieth century 
finally led to the rise of professional ‘scientists’ and other ‘experts’ as dis- 
tinct ‘truth classes’ (Mahr 2016). The old social contract was that science 
produces reliable knowledge while politicians make decisions for the good 
of society on this basis (Gibbons 1999). This succeeded as long as public 
trust in the expertise of experts remained (Beck 1991; Mahr 2016). Pub- 
lic clashes between experts exposing differences in underlying values and, 
with it, the knowledge they put forward, undermined this trust (Frewer 
et al. 2003). Today, discussion has turned to the role citizen science can 
play in a new social contract between science and society (Maasen & Dickel 
2016; and see Smallman on Responsible Research and Innovation in this 
volume). The case studies of STS work on citizen science, discussed in the 
following two boxes, demonstrate the potential for enhanced and produc- 
tive discussion between the two spheres. 
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Box 7.2. Case study 2. Citizen science between democratisation 
and economisation 


Following a ‘participatory turn’, seeking to democratise science and 
technology (see for example Irwin 2006), new inclusive forums 
have been established on science- and technology-related issues 
over the last two decades. These spaces aim to promote mutual 
respect for different ways of reasoning and often portray public 
participation as free from strategic bargaining and manipulation. 
However, participatory approaches often lack reflection on, and 
remain disconnected from, their context of application. One impor- 
tant phenomenon here is the orientation of science and technology 
towards economic ends, which has been labelled ‘economisation’. 

To fill this gap, a project by Hadrien Macq studies public par- 
ticipation to assess the ways in which democratisation and economi- 
sation imperatives interact, conflict or complement each other, and 
how the design, process and outcomes of participatory exercises are 
impacted. He focuses on two domains and policy levels: the Euro- 
pean research and innovation policy and the Walloon Region’s digi- 
tal strategy, which both promote political strategies relying on the 
creative potential of multiple societal actors to achieve economic 
goals. The project uses a two-step methodology to analyse the 
dynamics shaping participation in science and technology and its 
political-economic context across these policy levels. First, a critical 
discourse analyses if, and how, economisation influences the way 
participation is conceived by its sponsors. Second, participant obser- 
vation and interviews with participation professionals and engaged 
parties assess the way the design, conduct and outcomes of partici- 
patory exercises are affected by the economisation rationale. Macq 
seeks to understand how the economisation of science and technol- 
ogy influences public participation, therefore providing a crucial 
platform for the theoretical and empirical investigation of the nor- 
mativities of public participation in science and technology. In this 
respect, attention is paid to the reorientation of public participa- 
tion in science and technology as conceived and promoted by the 
European Union under the Horizon 2020 programme. The recent 
promotion of citizen science as a priority within the new ‘Open Sci- 
ence, Open Innovation, Open to the World’ programme is scrutinised 
as part of the shift from public engagement in decision-making to 
public participation in innovation processes. 
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Citizen science studies session at the ECSA conference 


With the aim of exploring links between citizen science practitioners and 
social science and humanities scholars, the authors, together with Anett 
Richter, organised a session at the ECSA conference in 2016. Initially 
perceived as quite a niche topic, we were surprised to discover the over- 
whelming resonance - the session received about one-fifth of all submis- 
sions for the conference. 

The questions addressed can be summarised in four overlapping 
groups: (1) case studies by citizen science practitioners reflecting upon 
their own practices of doing and institutionalising citizen science, for 
example, Josep Perelld’s ‘brief story of the Barcelona Citizen Office: com- 
munity of practice, the rules of governance, and the connection with citi- 
zens and public administration’; (2) surveys of the national landscapes of 
citizen science actors, disciplines and discussions, like Lisa Pettibone’s 
‘What is citizen science today? A case study of current practice in Ger- 
many’; (3) studies of single systematic aspects of citizen science prac- 
tice, such as Gitte Kragh’s talk on ‘Understanding motivations of citizen 
scientists’; and (4) generalising accounts that mobilise social science 
theory to offer reflective views on current practices as exemplified by 
Sascha Dickel’s ‘The (citizen-) scientification of society and the pleasures 
of research. Citizen science as science communication’. 

The session format included two parallel streams of discussion with 
related presentations grouped per topic and at least two talks introduc- 
ing different perspectives. A key lesson learned is that while many short 
presentations help to build mutual awareness, more time and focus is 
needed to explain underlying assumptions, a key in point for seriously 
exploring connections with substantially different points of view. 


Conclusion 


While citizen science practitioners are often highly reflexive of their own 
practices — as shown by the Citizen Science journal and work of citizen 
science associations — these initiatives would benefit from a closer rela- 
tionship with the work of scholars in the social science and humanities, 
especially STS scholars, who critically engage with citizen science in their 
research on relationships between science and society. Moreover, the ris- 
ing popularity of citizen science creates a growing need to work towards 
plurality and inclusiveness by collaborating in critical reflection on the 
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practice of public participation in research, as well as on the standards and 
institutions forming within and around the community of practitioners. 
This also opens wider discussions concerning, for example, the relation- 
ship between citizen science and the ‘knowledge politics’ of contemporary 
societies. 

This chapter provided a critical review of main topics of the ECSA 
conference to illustrate points of departure where more critical reflexive- 
ness is needed. It argues that focusing on the scientific, educational and 
policy-relevant outcomes of citizen science, along with recipes to increase 
efficiency, is too narrow and risks treating participants as sensors rather 
than self-empowered citizens. This is especially concerning given calls for 
the standardisation of citizen science practice. In the brief overview of cur- 
rent research in STS, the chapter suggested that perspectives from the 
sociology and philosophy of science can help to scrutinise which forms of 
public engagement with science and technology are currently framed as 
citizen science (and thus receive higher attention of academic research- 
ers and funders), which emancipatory aspects are sidelined, and how this 
can affect the knowledge generated. Historical studies contribute yet 
another level of reflexiveness by repositioning the current drive to recon- 
nect citizens and science as part of a longer trajectory of changing rela- 
tionships between science and society, in which lay participation continues 
to be a key part. The chapter argued that addressing such issues creates 
added value for both science and society. The authors’ own attempt to pro- 
duce an encounter between citizen science practitioners and scholars 
from STS was a first step to facilitating such productive exchange. While 
the workshop format can be improved, it initiated contacts between com- 
munities, ignited debates and increased the visibility of the social science 
and humanities scholars as a central part of citizen science. 

There are numerous directions for further activities that promise to 
be productive for such endeavours. One example is the working groups 
of citizen science practitioner associations, such as ECSA. Here, citizen sci- 
ence practitioners and other researchers are invited to engage in co- 
operative projects, thus practising reflexivity in developing common 
frames of discussion and outputs that are meaningful for all parties. 
Another route is ‘co-laborative’ practice (Niewohner 2016) where, rather 
than imposing a joint goal for working together from the start, exchanges 
happen on a more flexible basis with the primary objective of getting to 
know each other’s knowledge practices and being open to where that 
might lead. 

The authors hope this chapter might inspire others to seek new 
ground for debates surpassing the boundaries of their own disciplines, 
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vocabulary and maybe even comfort zones. At the same time, peers need 
to challenge each other and bring about a more reflexive understanding 
of citizen science practices and how they can be explored, including the 
different motivations for advocating public participation in scientific 
research and where they might conflict within and between different stake- 
holder groups. Finally, shared spaces and tools are needed to identify, 
reflect and negotiate such goals. 
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Highlights 


e International policies require land management to be informed not 


only by scientific but also by indigenous and local knowledge. 


e A major challenge is how to use, and quality-assure, information 


derived from different knowledge systems. 


e Possible data collection and validation methods include focus groups 
with community members and information collected on line tran- 


sects by trained scientists. 


e Both methods provide comparable data on natural resource abun- 


dance, but focus groups are eight times cheaper. 


e Focus group approaches could increase the amount and geographical 
scope of information available for land management, while simul- 
taneously empowering indigenous and local communities who gen- 


erally have limited engagement in such processes. 


Introduction 


Countries that have ratified the Convention on Biological Diversity (CBD) 
are obliged to respect, preserve and maintain knowledge of indigenous 
and local communities (https://www.cbd.int). As part of the convention, 
the countries have agreed on a set of goals, the Aichi targets, which 
should be achieved by 2020. Aichi Target 18 states that, by 2020, tradi- 
tional knowledge should be integrated in the implementation of the 
convention (https://www.cbd.int/sp/targets/). Moreover, the Intergov- 
ernmental Science Policy Platform on Biodiversity and Ecosystem Services 
(IPBES), which was established in 2012 and is in the process of complet- 
ing the first global assessment of nature and its benefits to people, aims 
to bring different knowledge systems, including indigenous and local 
knowledge, into the science-policy interface (Diáz et al. 2015; United 
Nations Environment Programme 2016). Policy of this kind is one thing, 
but sometimes practice is another. How can the broad policy statements 
and the results of high-level global assessments be translated into prac- 
tice in the ‘real world’? 

Citizen science encompasses a broad array of approaches that have 
in common that citizens are involved in one or more aspects of assessment 
and monitoring of the environment (Bonney et al. 2014; ECSA Ten Princi- 
ples of Citizen Science, see Robinson et al. in this volume). In Western 
countries, citizen science programmes often involve community mem- 
bers only in data collection. The design, analysis and interpretation of 
the assessment results are undertaken by professional researchers (see 
discussion in Kennett, Danielsen & Silvius 2015). In tropical, Arctic and 
developing regions, experiments have been made to involve community 
members in all aspects of environmental assessment and monitoring, 
including programme design, data interpretation and use of the results 
for decision-making and action (Danielsen, Burgess & Balmford 2005; 
PMMP 2015; Johnson et al. 2016). Although there are still a number 
of scientific questions surrounding these approaches, and many pro- 
grammes are still at an early stage of development, the new approaches 
show a great deal of promise. 

This chapter summarises a recent case study which tested a simple 
approach to document and validate indigenous and local knowledge (ILK) 
from Nicaragua using focus group discussions, in comparison with scien- 
tific knowledge gathered from line transects (Danielsen et al., “Testing 
Focus Groups’, 2014). This approach provides the base evidence to sup- 
port the inclusion of ILK alongside scientific knowledge. This example 
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illustrates the issues that can arise from bringing ILK into science-based 
land management and the benefits that can be achieved. The conclusions 
also build on experiences from similar activities where ILK and commu- 
nity expertise in monitoring have been brought together with scientific 
approaches in different regions, providing valuable insights especially for 
tropical forest and Arctic regions, although some lessons will apply to a 
range of geographies (Brofeldt et al. 2014; Danielsen 2016; Danielsen 
et al., ‘A Multicountry Assessment’, 2014; Danielsen et al., ‘Counting What 
Counts’, 2014; Danielsen et al. 2017; Funder et al. 2013; Zhao et al., ‘Can 
Community Members’, 2016; www.monitoringmatters.org). 


Indigenous and local knowledge 


The world’s approximately 370 million indigenous people include some 
of the world’s poorest and most marginalised communities (United 
Nations 2009). To participate in decision-making, indigenous people need 
to translate their knowledge about their territories into a format through 
which they can be heard, for example in government land management 
plans (Dallman et al. 2011). Often, however, indigenous knowledge is not 
valued, or simply not available, in decision-making processes. 

One challenge for the synthesis of information generated by differ- 
ent knowledge systems (Huntington 1998; Colfer et al. 2005) is that while 
scientific knowledge is validated primarily through peer review by other 
scientists, other knowledge systems have different validation approaches 
(Tengo et al. 2014). In other knowledge systems, for example, the con- 
cept of ‘if it works, it is good’ may count as an evidence (Tengo and Malmer 
2012). Unidirectional scientific validation of other knowledge systems 
may therefore compromise the integrity and complexity of the knowledge 
(Bohensky & Maru 2011; Gratani et al. 2011) and promote power inequal- 
ity between technocrats and communities (Nadasdy 1999; Bohensky, 
Butler & Davies 2013). Alternatively, validation of community-based 
knowledge through a respectful process of collaboration between scientists 
and community members could potentially facilitate mutual learning and 
empowerment. 

Here, the term ‘indigenous and local knowledge’, or ILK, is used to 
emphasise that knowledge of resource abundance is closely linked with 
knowledge of resource management systems and the social institutions 
the management systems operate within (Berkes 2012). Indigenous and 
local knowledge, like scientific knowledge, implies a way of viewing the 
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world. It is context-specific, hence may lose meaning when applied in 
other contexts (Stephenson & Moller 2009). In comparison, knowledge 
about resource abundance, bound by place and time, does not lose its 
meaning and is relevant to decisions about its management. Berkes (2012) 
used ‘local knowledge’ when referring to recent knowledge and ‘indige- 
nous knowledge’ for the local knowledge of indigenous peoples, or local 
knowledge unique to a culture or society. To demonstrate how ILK on nat- 
ural resource abundance can be used in environmental assessment pro- 
cesses, the below case study compares community-level focus group 
discussions against scientist-executed line transects. 


Comparing ILK and scientific methods 


One previous study has evaluated focus group results against direct counts 
of natural resources (Mueller et al. 2010). This compared assessments of 
species richness, diversity and height of grasses and trees by community 
members from a village in Niger, with direct counts made by scientists. 
The study found a good match on height and density for grasses and 
trees and tree species richness, but poor correlation on herb species rich- 
ness and Simpson’s D value for both trees and grasses. The study does, 
however, have a different temporal scale and different times for community 
members’ focus group discussions and direct counts, preventing conclu- 
sions about the reliability of the focus group (Danielsen et al., “Testing 
Focus Groups’, 2014). 


Case study location 


The case study was undertaken in the Bosawas Biosphere Reserve in Nic- 
aragua, inhabited by Miskito and Mayangna communities who use forest 
as their principal resource base (Koster 2007; Stocks et al. 2007). The area 
is a global priority for conservation (Miller, Chang & Johnson 2001). Con- 
ventional scientific knowledge is constrained by difficult access, rugged 
terrain and frequent heavy rains. 

The research covered nine study sites located opportunistically, 2 to 
15 kilometres from San Andrés and Inipuwas villages, within Bosawas 
Biosphere Reserve. All study sites are covered in dense evergreen tropical 
forest, which is used as a resource to different degrees. The area is inhab- 
ited by indigenous Miskito and Mayangna who practice subsistence agri- 
culture and harvest non-timber forest products. 
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Methodology 


Focus groups are not commonly used by biologists but are often part of 
social scientists’ tool box. They involve group discussion on a particular 
topic, organised to improve understanding and involve participants care- 
fully selected for their knowledge, or experience, of the topic. The discus- 
sion is guided, monitored and documented by a person from within the 
community and/or by an external person, sometimes called a moderator 
or facilitator (Kitzinger 1995). Line transect survey is a commonly used 
scientific method in ecology (Peres 1999; Luzar et al. 2011). Itis a survey 
undertaken while moving on a path along which researchers count and 
record occurrences of the species of study (Bibby et al. 2000). The abun- 
dance assigned by the focus groups was compared to the abundance from 
the scientists’ transects. 

In this study, communities were contacted through a civil society 
organisation with long experience working with them. Researchers met 
the General Assembly of Miskitas in the two villages to obtain their advice 
and approval. Community members volunteered for the focus groups, 
based on their interest and experience with forest resources. During 
participatory planning workshops, members of the focus groups were 
involved in planning the process and deciding on the future use of the 
results (for more on models of participatory citizen science see Ballard, 
Phillips & Robinson; Haklay; Novak et al., all in this volume). This included 
scientists and community members agreeing on 10 resources important 
to the communities for food or other uses. They identified three plants, 
three birds and four mammal taxa to be monitored across nine sites and 
at the same time (three-month periods) by both the focus groups and line 
transects. 

Focus group members included forest product harvesters, hunters, 
loggers, local park rangers, and both women and men. A volunteer group 
of 10-20 persons was established in each village to observe forest resources 
at study sites between discussions. From April 2007 to September 2009, 
these groups took part in two-to-three-hour meetings every three 
months. Community members had good knowledge of the forest (Koster 
2007) and the resources studied were of interest to, and well known by, 
them. 

The meetings were facilitated by a group of non-indigenous park 
rangers. Facilitators were selected based on their skills at communicating 
equitably between knowledge systems during meetings. There was no 
detectable political interplay between the facilitators and community 
members. The facilitators led community discussion on the abundance 
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of different resources at each study site in the respective three-month 
period. 

The following abundance categories were used (Danielsen et al., 
‘Testing Focus Groups’, 2014): 


1. Many resources: 210 individuals of the resource (e.g., 210 individ- 
uals of a plant species) were recorded in four hours of morning 
walks in the forest; 

2. Some resources: One to nine individuals of the resource were 
recorded in four hours of morning walks in the forest; 

3. Few resources: More than four hours of morning walks in the forest 
were required to record one individual of the resource, but the 
resource is still recorded regularly (24 times during the three-month 
period); and 

4. Very few (or no) resources: Resource only recorded a few times 
(<4 times) during the three-month period. 


During the focus group discussions, these categories were inter- 
preted as ‘many daily’, ‘daily’, ‘less than daily and ‘rarely’. Focus groups’ 
validation was a careful process involving time and trust. Community 
members were in control of the process, agreeing what was right and 
wrong, and the facilitator assisted this process. Community members 
involved in focus groups had extensive experience of hunting and collect- 
ing forest products (see figures 8.1-8.3). 

Line transect routes were established in the same month and year 
as the focus groups. Transects were surveyed for animals and plants by 
trained scientists. 

The findings were returned to the communities so they could see 
how their observations connected with results from other methods, and 
could be used to promote indigenous and local input into reserve man- 
agement. This two-way process helped underline that the study was not 
information ‘harvesting’ but a collaborative undertaking. 


Outcome 


The focus group discussions were unable to differentiate between what 
scientists considered ‘very few’, ‘few’ and ‘some resources’, but resources 
reported as plentiful (‘many resources’) were significantly different (more 
abundant) from all other categories for all types of resources. 

The apparent inability of focus group reports to differentiate between 
the three categories of least abundance was caused by high spread out 
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Fig. 8.1 Tuno (Castilla tunu) has a fibre-rich bark. It is important for 
crafting clothing, bags and rope, among other things, in the Bosawas 
Biosphere Reserve, Nicaragua. The tree grows more than 25 metres tall 
and is rich in latex but, in contrast to the related species (Castilla 
elastica) also found in the area, the Tuno-latex does not have elastic 
properties. (Source: Sune Holt) 
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Fig. 8.2 Signs of the Nine-banded Armadillo (Dasypus novemcinctus) 
showing disturbed leaf litter, twigs and small holes, where ants, termites 
and other insects have been dug out. (Source: Sune Holt) 


of the numbers (high standard deviation) within focus-group category 4 
(‘very few’) and fairly even densities of focus-group category 3 (‘few 
resources’) and 2 (‘some resources’) (see figure 8.4). Reducing the num- 
ber of abundance categories from four to three, by merging ‘few resources’ 
and ‘some resources’, delivered a clearer separation of densities for birds 
and plants, although not for mammals. Likewise, Spearman correlation 
coefficients for transect densities and focus-group categories were 0.43 
(P<0.001), 0.06 (P=0.32) and 0.30 (P=0.04) for birds, mammals and 
plants respectively, suggesting a stepwise reduction in densities (high, 
medium, low, very low) against focus-group categories (many, some, few, 
very few) for birds and plants, but not for mammals. 

The cost of focus groups and scientist-executed line transects 
was estimated as the actual expenses incurred during the training and 
fieldwork at each site. Across all nine study sites, measurements through 
focus group discussions cost significantly less than scientists’ transects 
(P<0.001; n=9). 
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Fig. 8.3 A Miskito community member recording his sightings and 
signs of plants, birds and mammals in the Bosawas Biosphere Reserve, 
Nicaragua. (Source: Sune Holt) 
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Fig. 8.4 Relationship between focus groups’ statements of abundance 
of 10 plant, bird and mammal forest resources and the average 
abundance indices (number of individuals observed per hour, with SE) 
of the same resources obtained by trained scientists’ transect walks 
between 2007-2009 at nine study sites in the Bosawas Biosphere 
Reserve, Nicaragua. Experienced community members’ perceptions of 
forest resources, transmitted orally during focus group discussions, 
matched results from line transects by scientists. (Source: Danielsen et al., 
‘Testing Focus Groups’, 2014) 


Lessons for citizen science 


The case study suggests that over a range of birds, mammals and plants, 
ILK documented and validated with focus groups provides similar abun- 
dance indices of wild species to trained scientists undertaking transects. 
The strongest agreement between focus groups and transects was for birds 
and plants, with lower agreement for mammals. This might be because 
mammals were mainly recorded by footprints and dung along transects, 
while birds and plants were directly observed, hence the number of 
mammals recorded on transects is subject to substantial individual inter- 
pretation. 
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Interestingly, focus group participants’ understanding of individual 
abundance indices appears to vary between taxa. For instance, mammals 
recorded in the scientists’ transects at 0.7-0.8 individuals per hour are 
considered ‘many individuals’ by the focus groups, whereas birds recorded 
on transects with the same density are considered to be ‘few individuals’ 
in the same focus groups. Focus groups are, thus, integrating community 
expectations, in other words, recording something as less abundant when 
fewer than expected are recorded given its identity, size (perhaps) or inter- 
est as food. 

In the scientific knowledge system, reliability has two components: 
conformity to fact (lack of bias) and precision (exactness). The case study 
suggests that villagers’ focus group assessments of abundance are simi- 
larly accurate (unbiased) to scientists’ transects. The precision of the focus 
groups’ assessments was not measured because abundance values from 
the focus groups are categorical, which hampers assessment of precision. 

Focus groups involve interaction between group members (Gibbs 
1997). Although the views of the most powerful members of the group 
might bias the results, observation in this case suggested that when poten- 
tially inaccurate information was provided by one or a few participants, 
after discussion, this information was generally corrected. Hence, the 
conclusion represented the group consensus. 

The ‘process’ aspect of the focus groups was important to the com- 
munity members. Focus group discussions were undertaken in an open 
learning environment, where participants had the right to vote and express 
opinions. They were the gatekeepers, detecting and deciding which 
data were complete and which were false or out of context, and should 
be discarded. The findings suggest that community members’ owner- 
ship of the data and information and their control over the knowledge, 
validation process and application of knowledge were critical to their 
sense of empowerment (Stephenson & Moller 2009; Huntington 2011). 

Central to approaches that facilitate exchange between knowledge 
systems is the concept that knowledge itself is power, which means 
that those who share knowledge should not lose power in the process 
(Nadasdy 1999; Gamborg et al. 2012; Tengo et al. 2017). The case study 
findings suggest that using focus groups to validate ILK about natural 
resources could increase the information available for measuring the 
status and trends of natural resources, while at the same time empower- 
ing indigenous and local communities. Guidelines already describe how 
to promote the use of indigenous knowledge (e.g., Tkarihwaié:ri Code; 
the Convention on Biological Diversity 2011) but to aid this process and 
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Box 8.1. Recommendations for how to increase the ability 

of community focus groups to provide natural resource 
abundance data which scientists would consider reliable 
(Danielsen et al., ‘Testing Focus Groups’, 2014; Danielsen 2016). 
Further recommendations for the participatory monitoring of 
biodiversity are available in the Manaus Letter (PMMP 2015). 


1. Establish independent focus groups in multiple communities 
that know about resource abundance in the same geographi- 
cal area (triangulation across communities). 

2. Convene regular (e.g., annual) village meetings to present, dis- 
cuss and interpret data, and obtain feedback from the entire 
community (triangulation across community members). 

3. Facilitate the collection of auxiliary data, for example, through 
community members’ direct counts of resources in the same 
area when possible (triangulation across methods). 

4. Include focus group participants who are directly involved in 
using and observing natural resources (thereby increasing 
the number of primary data providers). 

5. Use unequivocal categories for resource abundance. 

6. Ensure that the moderator of focus group discussions has 
relevant skills and experience in facilitating dialogue. 


increase the ability of community focus groups to provide natural resource 
abundance data which scientists would consider reliable, this chapter 
proposes a series of recommendations (box 8.1). 

This approach should not, however, be rolled out uncritically — 
representatives of indigenous and local communities should decide 
whether focus groups on resource abundance can help them be heard. 
The UN Declaration on the Rights of Indigenous Peoples states that devel- 
opment must take place in accordance with their ‘Free, Prior and Informed 
Consent’ (United Nations 2008). Focus groups may also be a useful starting 
point from which broader regional and national monitoring and assess- 
ment programmes could be designed and implemented according to local 
conditions. 
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Conclusion: Implications for achieving 
management goals 


The case study in this chapter has shown how ILK can inform land man- 
agement policies and processes. Further, the authors have previously 
found that, for the same recurrent government investment in protected 
areas in the Philippines, far more conservation management interventions 
result from participatory natural resource monitoring approaches than 
conventional scientific ones (Danielsen et al. 2007). A large proportion of 
the interventions emanating from participatory monitoring addressed the 
most serious threats to biodiversity and led to changes in local policies 
with potentially long-term impacts. 

In a meta-analysis of published monitoring results, the degree of 
involvement of local stakeholders in natural resource monitoring influ- 
ences the spatial scale and speed of decision-making based on the moni- 
toring data (Danielsen et al. 2010). The greater the involvement of local 
people in monitoring activities, the shorter the time it takes from data col- 
lection to decision-making. The most participatory approaches lead to 
management decisions typically taken three to nine times more quickly 
than decisions based on scientist-executed monitoring, although they 
operate at much smaller spatial scales. In contrast, scientist-executed 
monitoring typically informs decisions in regions, nations and interna- 
tional conventions. 

Participatory monitoring of natural resources with the involvement 
of ILK depends on local people making a significant investment in moni- 
toring. These approaches are therefore most appropriate: (1) where local 
people have significant interests in natural resource use; (2) when the 
information generated can impact management of the resources and the 
monitoring can be integrated within existing management regimes; and 
(3) when there are policies in place that enable decentralised decision- 
making (Danielsen 2016). 

Promoting approaches such as those outlined in this chapter could 
provide an important set of results that, when published, could be used 
in the assessment work of IPBES as it seeks to fulfil its mandate to recog- 
nise and respect the contribution of ILK and bring it alongside scientific 
knowledge. The Intergovernmental Science-Policy Platform on Biodiver- 
sity and Ecosystem Services has an important catalytic role in promoting 
the use of new approaches to improve the capture of data and informa- 
tion, and bringing together material from different knowledge systems. 
This chapter has shown how social and natural science approaches can 
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also validate the credibility of either approach (social and natural sci- 
ence), and allow more confidence in results used to make important deci- 
sions for the management of the natural world. 
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Highlights 


e Digital social innovation shares the basic ideas of citizen science, as 
well as the common challenge of motivating and structuring citizen 
engagement. However, it is different in scope, focus, forms of par- 
ticipation and impact. 

e Digital social innovation explores new models where researchers, 
social innovators and citizen participants collaborate in co-creating 
knowledge and solutions for societal challenges. 

e There are critical issues and effective practices in engaging citizens 
as knowledge brokers and co-designers of solutions to societal chal- 
lenges, which should inform the design and implementation of new 
projects and approaches. 


Introduction 


As citizen science matures, it finds itself part of a growing plethora of 
approaches democratising the processes of scientific enquiry and related 
modes of knowledge creation. Digital social innovation (DSI) and do- 
it-yourself (DIY) science are two examples that share citizen science’s 
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ideals and challenges of enabling citizen engagement (see also Mazumdar 
et al. in this volume). Considering typical challenges and types of citizen 
engagement models in DSI and DIY science, and how such platforms relate 
to approaches in participatory citizen science, may help the fields to learn 
from each other and inform new projects and approaches. 

In citizen science (Bonney 1996; Cohn 2008), citizens are commonly 
involved in different types of activities in scientific projects, which are 
mostly led by professional scientists in institutional settings (Bonney et al., 
‘Public Participation’, 2009; Shirk et al. 2012). The underlying assump- 
tion of science as the primary legitimate source of knowledge requires 
citizen participation to conform to the scientific process (Wyler & Haklay 
in this volume). More flexible forms of engagement relax this require- 
ment by giving citizen participants more influence on the project design 
(e.g., in the choice of problems or outcome types) and empowering them 
to collaborate with different actors, among which scientists are but one 
kind (see also Ballard, Phillips & Robinson in this volume). This broad- 
ens the scope of projects, their goals and outcomes, and the types of activi- 
ties performed by citizens. In particular, participatory citizen science and 
‘extreme citizen science’ (Haklay 2013; Stevens et al. 2014) emphasise 
citizen involvement in core activities of the scientific process, such as prob- 
lem definition, data analysis and interpretation (see also Gold & Ochu in 
this volume). These projects design tools for empowering participation from 
different societal groups (e.g., marginalised communities) in activities that 
would normally require scientific skills and knowledge. In doing so, they 
bring scientific enquiry to ‘non-scientific’ problems (e.g., problems impor- 
tant to the volunteers’ communities) and ‘non-scientific’ knowledge (e.g., 
indigenous knowledge, local needs) (see Danielsen et al. in this volume). 

Do-it-yourself science extends this to more informal, experimental 
methods and a broader range of outcomes: DIY scientists are people who 
create, build or modify objects and systems in creative ways, often with 
open source tools, and who share the results and knowledge (Nascimiento 
et al. 2014, 30). This includes non-specialists, hobbyists and amateurs, but 
also professional scientists doing science outside their traditional insti- 
tutional settings. Many DIY science projects are private or community- 
based initiatives that use scientific methods combined with other forms 
of enquiry to explore techno-scientific issues and societal challenges 
(Nascimento et al. 2014; see also Mazumdar et al. in this volume). 

This openness to different types of knowledge, outcomes and social 
settings is also part of the field of social innovation, which emphasises the 
societal impact of both scientific and practical knowledge creation. The 
concept of social innovation commonly describes novel solutions to social 


CITIZEN ENGAGEMENT AND COLLECTIVE INTELLIGENCE 


125 


126 


problems that are more appropriate than existing ones (e.g., more effec- 
tive, efficient or sustainable) and that create value for society as a whole 
(Phills et al. 2008, 36). Many social innovations are increasingly based 
on the use of digital technologies, such as social networks, open data, open 
source hardware and software. Such digital social innovations are often 
defined as new solutions to societal needs developed through collabora- 
tion between innovators and target users, supported by digital technolo- 
gies (Bria et al. 2015, 9). This resonates with an early view of citizen 
science as a science that addresses the needs of citizens and involves them 
in the scientific development process (Irvin 1995, xi). Such views of (par- 
ticipatory) citizen science and social innovation thus converge in the 
goal of producing knowledge that addresses societal needs. 

Akey commonality of participatory citizen science, DIY science and 
DSI is the focus on citizen engagement with different professional actors 
in a process of collaborative development and knowledge co-creation, in 
other words, a process of collective learning. Ideally, they all aim at engag- 
ing individual citizens and local communities in the entire process of sci- 
entific, exploratory or creative inquiry: from the problem definition and 
data collection, to analysis and interpretation, solution implementation 
and take-up. While exhibiting important differences in scope and focus, 
forms of participation and intended impact, all three approaches face 
similar challenges of motivating, enabling and structuring citizen engage- 
ment. They therefore explore various forms of collective intelligence that 
often require a lot of groundwork to be implemented (e.g., mobilising 
large numbers of participants) and can be overwhelming for a single pro- 
ject. A growing number of platforms aim at supporting citizen engagement 
in DSI by facilitating various forms of collective intelligence (for an over- 
view see Bria et al. 2015). 


Purposes and typologies of citizen engagement 


Citizen involvement in social innovation is often valuable in its own right 
because it makes the development of solutions to societal problems more 
transparent to the people affected by them. There are also other common 
reasons for citizen engagement: citizens bring local knowledge about the 
problem and their needs; they can generate new solutions informed by 
their knowledge; and they bring different points of view, leading to more 
diverse perspectives on the problem (Davies et al. 2012a). When involved 
in the process, citizens are also more likely to accept the solutions. This is 
especially important to the many types of societal problems that inherently 
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require citizens to change their actions or behaviour (e.g., public health, 
sustainable consumption) (Davies et al. 2012a; see also Schroer et al. in 
this volume). The benefit of this is emphasised by DSI that not only uses 
digital technologies as innovation enablers, but also makes the engage- 
ment of citizens in the creation of solutions a normative prescription 
(Bria et al. 2015). Many of these issues also echo the motivations for citi- 
zen engagement in citizen science (see Bonney et al., ‘Public Participation’, 
2009). They are especially reflected in participatory approaches that 
involve citizens as equal partners with scientists, and that value different 
types of (non-scientific) knowledge from local, often marginalised, com- 
munities (Haklay 2013; Stevens et al. 2014). 

Devising a DSI or a participatory citizen science project requires 
choosing appropriate forms of citizen engagement for the given purpose. 
Different typologies of engagement from both fields can inform such deci- 
sions (see table 9.1). With respect to the level of citizen influence on the 
project, Bonney et al., ‘Public Participation’, 2009, differentiate between 
projects where citizens collect and contribute data (contributory projects), 


Box 9.1. Example of a digital social innovation project involving 
citizens as co-creators contributing local knowledge 


Hybrid LetterBox 


Hybrid LetterBox is an example of a project involving citizens as 
equal partners working with researchers in the development of 
novel solutions for local needs!. The project aimed at easing citizen 
participation in online discourses by connecting digital and the 
analogue channels of interaction. The Hybrid LetterBox is an ‘aug- 
mented mailbox where anyone can throw a physical postcard that 
is automatically digitized, and uploaded to an internet platform to 
be spread and discussed’ (Becker et al. 2015, 78). In developing 
the concept and prototype of the Hybrid LetterBox, the researchers 
initially collaborated with a group of elderly citizens, empowering 
them as co-designers. As the lead researchers Andreas Unteidig 
and Florian Sametinger describe in their project report, this helped 
them to discover new target groups, to better understand potential 
uses and to arrive at the final design of the original concept: 


The idea for the prototype emerged out of co-design work- 
shops, since some of the predominantly elderly inhabitants 


(continued) 
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of the neighborhood we worked with do not have access to 
digital media. This presented itself as a problem, since we were 
working on a local social network and particularly aimed at 
involving those who have not been active in the shaping of 
their neighborhood so far. We realized that we needed an 
interface that connects the digital and the analog world, and 
hence started working on the development of the early proto- 
type together. [...] In the course of running the first tests 
and experiments with an early prototype in this neighbor- 
hood, many different groups — children, families, senior citi- 
zens — started using our technology in a broad range of ways: 
they formulated questions, ideas, they scribbled or contrib- 
uted their thoughts in their respective mother tongue. It 
became clear that our target group is much bigger than we 
initially anticipated and that it proves useful in a variety of 
different contexts. Participating in discourses through the 
usage of our artifact proved attractive, also to those who are 
digitally well connected. (Becker et al. 2015, 84 and 88; see 
also Herlo et al. 2015). 


Source: http://www.design-research-lab.org 
/projects/hybrid-letter-box/ 
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Fig. 9.1 Hybrid LetterBox. (Source: Matthias Steffen) 
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Table 9.1 Overview of typologies of citizen engagement 


Design factor Typology of engagement Source 

Controllevel e° Contributory, collaborative, Bonney et al., 
co-created citizen science projects ‘Public Participa- 

tion’, 2009 

Cognitive e Crowdsourcing, distributed Haklay 2013 

complexity intelligence, participatory science, 

and type of extreme citizen science 

contribution 

Type of e Information about present needs Davies et al. 2012a 

contributed (understanding individual 

knowledge problems and needs, understanding 


larger patterns and trends) 


e Developing future solutions 
(co-developing or crowdsourcing 
solutions) 


Function e Provision of information and Davies et al. 2012b 
resources 
e Problem-solving 
e Taking and influencing decisions 


Scale e Small-scale vs. large-scale Davies et al. 2012a 
engagement 


projects where citizens help with the data analysis and may contribute to 
refining the project design (collaborative projects) and projects in which 
citizens co-design the project together with scientists, and are involved 
in all stages of knowledge creation (co-created projects) (see also Ballard, 
Phillips & Robinson in this volume). This framework can also be read as a 
map of different types of activities that are compatible with the chosen 
level of control over the knowledge creation process (see Bonney et al., 
‘Public Participation’, 2009 for a detailed analysis). The typology pro- 
posed in Haklay (2013) can be read with respect to the level of cognitive 
engagement and type of contribution. Crowdsourcing resources (e.g., 
citizen sensors) are the ‘simplest’ form of participation, with little cogni- 
tive engagement and no citizen influence on the project design. Involv- 
ing citizens in activities such as data collection and annotation is a way of 
harnessing their distributed intelligence (‘citizens as interpreters’), 
whereas enabling them to contribute to the problem definition and data 
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analysis leads to participatory science projects. In ‘extreme citizen sci- 
ence’, citizens are empowered to collaborate with professional scientists 
on many core aspects of designing the scientific project — from problem 
choice to the interpretation of results — and on ensuring the relevance to 
their local context. This modality also opens ‘the possibility of citizen sci- 
ence without professional scientists, in which the whole process is car- 
ried out by the participants to achieve a specific goal’ (Haklay 2013, 12). 
This matches DIY science and DSI, where citizens act as active co-creators 
and initiators of solutions to problems relevant to their social realities 
(see also Smallman et al. in this volume on Responsible Research and 
Innovation). 

With respect to the type of knowledge generated, a social innovation 
project will typically involve citizens in gathering information about pre- 
sent needs and/or to participate in the development of future solutions 
(Davies et al. 2012a). This is often performed with ethnographic tech- 
niques, workshops or consultations for eliciting citizen knowledge of the 
problem, competitions for novel solution ideas, various testing and rating 
techniques for evaluating the suitability of different solution ideas or 
assessing the importance of different problem aspects. Co-developing new 
solutions in smaller groups is often performed through hands-on work- 
shops and bootcamps involving citizens, scientists, technology and domain 
experts, while crowdsourcing is applied to extend the ideation process 
to (very) large groups of participants. From another functional per- 
spective, citizens can help in the provision of information and resources 
(e.g., crowdsourcing data or donations), support problem-solving (e.g., 
competitions, co-design) or be involved in taking and influencing decisions 
(e.g., campaigning or participatory planning) (Davies et al. 2012b). 


Methods and critical issues 


Despite a large body of experience, citizen engagement remains a 
challenge, especially when it comes to harnessing more complex forms 
of citizen collaboration that go beyond data collection (Rotman et al. 
2012). Digital social innovation and participatory citizen science projects 
have been exploring this challenge, but there is also a long tradition of 
precursors that provides helpful insights (see also Haklay; Mahr et al., 
both in this volume). Citizen engagement in knowledge brokering and 
co-designing is closely linked to the concepts of user-centred and partici- 
patory design, which both place the elicitation of user needs, feedback 
and ideas at the core of the solution design process (see also Gold & Ochu 


CITIZEN SCIENCE 


in this volume). While in user-centred design, the project design is 
defined by professionals (e.g., designers, technology experts), participa- 
tory design gives major influence to the users and stakeholders. It con- 
siders them as equal partners to the professional actors and makes 
co-creation activities a key element. Citizens as ‘users’ and stakeholders 
impacted by the problem and the solution being developed are involved 
through a range of methods, from needs and requirements workshops to 
focus groups and ethnographic studies to storytelling (see also Hecker 
et al. ‘Stories’ in this volume) and storyboarding (see box 2), games 
and co-operative prototyping, and to empowering lead users to experi- 
ment with, and adapt, solution prototypes in real-world settings (for an 
overview see Miiller 2002). Such focus on joint learning and co-creation 
is closely related to co-created citizen science projects and to extreme 
citizen science. Similarly, the request for scientists to acknowledge and 
engage with the relationship of their work to a given social reality (Haklay 
2013) resonates with the core ideas of participatory design. 

A key issue for effective knowledge brokering and solution co- 
design is the creation of a shared understanding between the different 
worlds of citizens — their levels of knowledge and their lived reality — on 
the one hand, and those of professional scientists, domain and technol- 
ogy experts on the other. Methods such as concept visualisation, mock- 
ups, storytelling and prototyping can support this. Enabling effective joint 
exploration of the problem space and possible solutions includes the 
need to bridge information asymmetries and goal conflicts between dif- 
ferent stakeholders (e.g., citizen volunteers, scientists, policymakers). 
This is frequently addressed through face-to-face interaction in physically 
co-located settings to further a sense of transparency and trust building. 
Supporting collaboration in such settings can benefit from adapting exist- 
ing techniques and designing new tools for reducing information asym- 
metries, increasing transparency and reducing cognitive complexity, for 
example, through shared visualisations of multiple perspectives represent- 
ing the views of different stakeholders (Novak 2009). 

All such approaches come with a price: they require intensive 
engagement with participants and face-to-face interactions, often embed- 
ded in their day-to-day environments and across prolonged periods of 
time. Many studies have highlighted that participants are motivated by a 
wide range of factors, from identification with a project focus and goals 
to personal interest (e.g., learning new things), desire to help (e.g., help- 
ing science or society), shared values and beliefs (e.g., knowledge should 
be free), social recognition and reputation or simply fun and enjoyment 
(see for example Rotman et al. 2012; Raddick et al. 2013; Novet al. 2011b; 
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Geoghegan et al. 2016). Recognition and regular feedback are key ele- 
ments to ensuring continuing engagement and catering to changes in 
motivation (Rotman et al. 2012; Geoghegan et al. 2016). Regular social 
interaction (with scientists and other volunteers) is important (Geoghegan 
et al. 2016) but requires effort (e.g., regular face-to-face meetings and 
group activities). Even if locational constraints can be bridged by online 
interactions and mechanisms (e.g., crowdsourcing, continuous online 
feedback), online participation tends not to be fully representative. A 
few community members typically provide the majority of contributions, 
while others are ‘passive’ consumers, with a small portion of occasionally 
active participants (the 90-9-1 rule [Nielsen 2006]). Participation also 
tends to vary with time, requiring regular triggers of attention and dedi- 
cated community moderators to maintain activity dynamics over extended 
time spans. 

Citizen engagement in co-creation activities (which are typically 
complex and demanding) thus risks reaching only a small portion of soci- 
ety. Engagement levels frequently change over time so activities with 
limited participants also risk failing to recruit new participants as existing 
ones become inactive. In fact, the transition of participants’ roles (e.g., from 
passive to active) are an important mechanism of online participation 
(Preece & Shneiderman 2009). Successful community platforms tend to 
offer a range of different participation options requiring varying levels of 


Box 9.2. Storyboards are often used in user-centred design to 
facilitate involvement of target users and stakeholders 


Storyboards as a co-design technique 


User-centred design techniques readily lend themselves to facili- 
tating user involvement in co-creation and co-design processes for 
participatory citizen science or social digital innovation. Visual 
storyboards are an example of a technique commonly applied in 
system design practice. They are used to illustrate initial ideas 
about possible solutions and the ways they would be used in prac- 
tice, in order to facilitate discussion about the actual problem, 
proposed solutions and new ideas with intended users and stake- 
holders. Below is an example from a project developing a platform 
for citizen engagement in water saving and sustainable water con- 
sumption (Micheel et al. 2014). 
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effort, allowing transition across different roles, based on participant’s 
motivation, capabilities and situation through time (Anderson et al. 2012). 
A successful participation model will thus include simpler activities, with 
little complexity and cognitive effort (e.g., data collection) together with 
more complex activities, requiring more effort and/or more regular 
engagement (e.g., data analysis, solution co-design, evaluation and inter- 
pretation of results) (see Kieslinger at al. in this volume for more on eval- 
uation). Face-to-face workshops or co-design sessions will be combined 
with online interaction and different options for the contribution of dif- 
ferent types of knowledge, with some requiring more, others allowing less 
continuity of participation. Social recognition and reputation gained 
through regular feedback from the project can be combined with motiva- 
tional designs using game-like elements to reward and make visible 
personal activity and achievements (Bowser et al. 2013; Iacovides et al. 
2013). Joint exploration of the problem and solution space and co-creation 
of new knowledge will be facilitated by applying existing or developing 
new tools for alleviating information asymmetries between citizen vol- 
unteers and professional actors. 


Online platforms 


Effectively implementing such diverse and flexible models of citizen 
engagement is far from trivial. Beyond the issues identified above, other 
challenges concern the practicalities of implementation, such as choos- 
ing an appropriate engagement method for a given purpose, reaching the 
target groups and potential participants, disseminating the results of 
co-creation activities and supporting the uptake of outcomes and solu- 
tions. To facilitate this, (online) platforms designed for different types of 
citizen engagement and different forms of collective intelligence have been 
established (see Bria et al. 2015; Brenton in this volume). This section 
presents two cases studies: the CHEST platform for digital social innova- 
tion and the Open Seventeen citizen science challenge. 


CHEST Enhanced Environment for Social Tasks 


In the European project CHEST’, citizens, social innovators, scientists, 
technology experts and other stakeholders collaborated in the participa- 
tory development of innovative solutions to societal challenges enabled by 
digital technologies. The CHEST online platform provided different tools 
and supporting measures including seed funding schemes, crowdsourcing 
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Fig. 9.3 Architecture of the CHEST Enhanced Environment for Social 
Tasks 


tools, on-site/online coaching and training, and best practice guide- 
lines for knowledge co-creation (figure 9.3). The project was carried out 
by three main partners, Engineering — Ingegneria Informatica SpA, Euro- 
pean Institute for Participatory Media and PNO Consultants — extended 
by a network of 18 supporting partners and enlarged by 23 new partners 
through open calls (Chest 2016). 

CHEST supported 35 ideas and 28 projects over three years, such as 
a platform exploring the use of Blockchains in product supply chains to 
foster transparency and sustainable consumption; a low-cost crowd-based 
traffic sensing device and analysis tool; a solution for self-monitoring and 
sharing of air pollution data; apps supporting people suffering from 
eating disorders or mental health; and many others. Such projects have 
actively involved 36,000 citizen participants in the different stages of the 
innovation process (table 9.2): They have provided knowledge (e.g., on 
social needs and solution ideas) and resources (e.g., placing traffic sensing 
devices in their homes), participated in problem-solving (e.g., analysing 
traffic and air pollution), co-designed solutions and influenced decision- 
making (e.g., voting on ideas to be funded, influencing local planning). 
Citizen engagement in different forms of collective intelligence has been 
facilitated at two main levels: several crowdsourcing schemes and instru- 
ments have been implemented at the platform level (e.g., crowd voting, 
commenting and monitoring), while coaching and training has been pro- 
vided for the selection and implementation of appropriate citizen engage- 
ment methods at the individual project level. 
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Table 9.2 Overview of the main citizen engagement methods in the CHEST 
platform for digital social innovation 


Stages of the social innovation process 


Problem 

identification Development of Evaluation and Uptake and 

and selection new solutions monitoring scaling 

Idea competition, Crowd commenting, User-centred CHEST extended 
crowd commenting, user-centred and evaluation, community and 
crowd voting participatory design crowd monitoring crowd 


Problem identification, idea generation and selection 


The bottom-up selection of societal problems and the generation of solu- 
tion ideas has been supported through three competitions with monetary 
rewards: (1) call for ideas outlining a solution to an important societal 
problem requiring further exploration (e.g., of technical feasibility or 
potential social impact), with 35 proposals awarded €6,000 each; (2) call 
for projects developing an initial idea into a product or service ready for 
deployment, with five winners awarded up to €150,000 each; and (3) call 
for prototypes turning a solution into a functional prototype evaluated 
with target users, with 23 winners awarded up to €60,000 each (see 
Ficano 2014). 

The call for ideas implemented an open innovation design where all 
the submitted proposals were publicly visible and could be commented 
on by a crowd of volunteers (e.g., critique, improvements). The submit- 
ters responded to comments and engaged in collaborative idea refine- 
ment. The submitted ideas were also voted upon by the public (after a 
registration process) and the submissions with the highest number of 
votes were selected as winners. The recruitment of the crowd of volun- 
teers was supported by a Europe-wide dissemination campaign, resulting 
in nearly 5,000 registered crowd members. The call for projects and the 
call for prototypes also implemented a competition design, but the selec- 
tion of proposals was performed by an expert jury (including research- 
ers, technology experts, social innovation experts, civil society, public 
institutions and media representatives). 

The call for ideas generated 1,141 comments by 956 participants (19 
per cent of total crowd) and 28,851 votes by 4,886 participants (98 per 
cent of total crowd) over 21 weeks. This is a high engagement rate com- 
pared to much lower rates of typical online community participation (1-10 
per cent active users), suggesting that the voting worked as a low-effort 
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activity motivating engagement. A visual network analysis performed on 
the voting and commenting activity has shown that many users com- 
mented on and endorsed different ideas, rather than supporting only one 
idea for which they may have been mobilised by the entrants (see Becker 
et al. 2015). 


Project implementation 


All 28 projects applied different methods for citizen engagement in 
knowledge brokerage (e.g., providing information and knowledge about 
the specific societal problem and citizen needs), resource provision and 
co-creation (e.g., co-designing solutions, co-analysing data, testing pro- 
totypes). This was facilitated through group and individual coaching 
(on-site, online, email) and training materials. The vast majority of the 
projects (79 per cent) involved citizens in the main co-design process: 
from the identification of the specific needs and requirements for a given 
problem, through co-developing solution ideas to evaluating the suitabil- 
ity of the developed solution concepts and prototypes. Only a smaller 
number of projects also involved citizens in the (re) definition of the prob- 
lem to be addressed (18 per cent) (table 9.3). 

Engagement methods used by most projects included on-site 
workshops (93 per cent, see for example figure 9.6), traditional inter- 
views (71 per cent) and surveys (64 per cent). More “sophisticated” meth- 
ods, such as lead user involvement in experimenting with the prototypes 
(figure 9.7), piloting (i.e., testing prototype solutions in prolonged real- 
world usage) and continuous online feedback were also used, though to 
a lesser extent (14 per cent, 21 per cent and 39 per cent respectively, see 
figure 9.5). The most popular were combinations such as on-site work- 
shops with interviews (seven projects), surveys with on-site workshops 
and online continuous feedback (three projects) and surveys with on-site 
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Table 9.3 Citizen involvement in individual project phases 


Project level citizen engagement in CHEST 


Citizens involved 31.047 

Target groups* 79 

Project phase No. of projects 
Problem (re) definition 5 (18 per cent) 
User needs & requirements 25 (89 per cent) 
Solution design and implementation 24 (86 per cent) 
Test/Evaluation 28 (100 per cent) 


* The target groups varied from project to project (depending on their specific 
goals) and ranged from children, youth and schools to elderly people, people 
with eating disorders, refugees, citizens in general and many others. 


Voting | 
Continous online feedback |) 
Piloting | 
Lead user M 
Training |) 
Interview PO 
On-site workshop 
ee 


Survey 


T T T ] 
0% 20% 40% 60% 80% 100% 
Fig.9.5 Citizen engagement methods applied by CHEST-supported 
projects 


workshops, interviews and online continuous feedback (three projects). 
Due to the small sample, no statistical correlations between the used 
method mix and the project evaluation rating (see next section on assess- 
ment process) could be established. However, it sticks out that the top 
three rated projects regarding the suitability of developed solution used 
a method mix of three or more methods. Moreover, the project with highest 
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Fig. 9.6 Co-design workshop in the TransforMap project. 
(Source: transformap.co) 


Fig.9.7 End-user test session in Project99/AyeMind. (Source: We Are 
Snook Ltd) 


evaluation (4.94 on a 1-5 scale; see box 9.1) used the second highest 
number of methods of user engagement (5 methods), including lead user 
involvement and piloting. 

Acombination of offline and online activities in implementing the 
above methods was the most effective engagement strategy by the 
number of participants and the diversity of target groups, as well as in 
the number of tools developed to alleviate information asymmetries 
(table 9.4). 
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Box 9.3. Lead user and piloting methods in the Magenta 
TrafficFlow project 


Magenta Traffic Flow 


This CHEST-supported project for A 
> magenta 


participatory traffic monitoring and SENATEN 
management implemented a Living 

Lab approach in Florence (Italy) to co-design its solution. Starting 
from day one it involved a small group of initial users to gather 
feedback, assess and setup the technology developed in the project. 
Existing grassroots communities (e.g., Ninux, Fab Lab) were also 
involved in the co-design processes through on-site workshops and 
online feedback. 


Fig. 9.8 Sensor for traffic monitoring 


Participants set up the privacy-preserving traffic monitoring 
points in their homes and tested the sensor and tool in real-world 
use. They provided input regarding sensor requirements, privacy 
and the design of the analysis tool. The sensors collected more than 
50 million data points, classified in terms of their location, size 
of the vehicle, speed and type. All data has been made available in 
the open data portal of Florence and has been used in participatory 
traffic planning sessions. 


Source: http://www.magentalab.it/ 


Table 9.4 Strategies of implementing methods of citizen involvement 
in CHEST 


Target Citizens Info. 
Projects groups involved asymmetry tools 


Offline involvement 12 38 277 53 
Online involvement 2 6 110 19 
Offline and online 14 61 31,000 203 


Monitoring and project evaluation 


CHEST also used a crowdsourcing model to collect citizen feedback on 
project progress and success, throughout the project cycle. The results of 
citizen assessment were provided as a feedback to the projects (and were 
not visible publicly), rather than as control instance for the funders. This 
allowed projects to assess their progress and take corrective actions. Using 
the CrowdMonitor tool developed for this, citizens assessed projects by 
rating them on a 5-point Likert scale with respect to three main aspects: 
the solution approach (‘The project implements an appropriate solution 
to the addressed social problem’), the project progress (‘The project is 
likely to reach its goals’), and the regularity of project updates (‘The pro- 
ject informs regularly about its progress’). The CrowdMonitor has been 
available for 6.5 months during which a total of 521 different users made 
580 assessments of the 28 projects funded by CHEST, totalling 1,738 
responses to individual questions?. Most assessments were positive or very 
positive (82 per cent) with a minority of undecided (13 per cent) and a 
small portion of negative votes (5 per cent). Most negative and undecided 
votes related to the regularity with which the projects informed about 
their progress. 

Such rating patterns suggest that the crowd assessments can be con- 
sidered credible, though probably skewed by votes from avid project sup- 
porters. The use of CrowdMonitor for continuous feedback rather than a 
final verdict of a project’s success is likely to have contributed to more real- 
istic feedback. This is supported by the assessment of projects based on 
predefined social impact key performance indicators (KPIs) by the CHEST 
consortium, which were even more positive than the crowd results. 

While the crowdsourcing model worked well in this case due to the 
voluntary engagement of participants (based on interest in the topic and/ 
or results of a given project), and low-effort feedback on project progress, 
critical issues can arise, ranging from the relationship between participant 
motivations and the quality of contributions, to ethical concerns such as 
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the relationship between benefits accruing to participants and those 
accruing to the project leaders. These critical issues in different models of 
crowdsourcing and citizen science have received increasing attention 
and should be carefully considered when applying crowdsourcing 
methods (see e.g., Harris & Srinivasan 2012; Gilbert 2015; Resnik, Elliot 
& Miller 2015; Bowser et al. 2017). 


Citizen Cyberlab and the Open Seventeen Challenge 


At Citizen Cyberlab (CCL)*, researchers from different backgrounds 
experiment with new forms of public participation in research, encour- 
aging citizens and scientists to collaborate in new ways to solve major 
challenges. The lab is a partnership between the European Particle 
Physics Laboratory (CERN), the UN Institute for Training and Research 
(UNITAR) and the University of Geneva. In September 2015, the United 
Nations adopted Agenda 2030, which includes a set of 17 Sustainable 
Development Goals (SDGs) that aim to end extreme poverty, fight ine- 
quality and injustice, and tackle climate change over the next 15 years. 
The Open Seventeen Challenge®, launched by the Citizen Cyberlab in 
2015, is based on the understanding that some of the datasets best able 
to monitor progress towards the SDGs are local in nature, and can thus 
be better generated and collected by individuals and organisations repre- 
senting civil society. The Open Seventeen Challenge involves three other 
partners: GovLab (the Governance Lab at New York University)°, the 
advocacy group ONE Campaign’, engaged in actions to end extreme pov- 
erty and preventable diseases, and SciFabric®, which develops open source 
crowdsourcing tools. 


Approach 


In traditional citizen science, the involvement of professional scientists 
helps to address issues of data quality due to wide variability in the skills 
and expertise of participants. However, modern technology means that 
even those without research experience can in theory set up a participa- 
tory initiative using open source hardware sensors and software platforms 
that automate statistical validation procedures. This is particularly true 
for social and civic projects in which participants are asked to collect data 
or contribute to data analysis. 

The Open Seventeen Challenge provides step-by-step coaching in 
the design and implementation of crowdsourcing projects led by non- 
professionals to increase their chances of success and impact. This includes 
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both technological and social aspects. The Challenge recurs every six 
months, and involves the following elements: 


e A project pitching phase: Candidates identify open data relevant 
to an SDG (e.g., photos, scanned documents, video clips, tweets), 
define a crowdsourcing project with clear, measurable outcomes, and 
then submit their idea. A maximum of 10 projects judged viable, or 
having a good potential of becoming so, are selected. 

e Online coaching sessions: Sessions use a web conference platform 
and specifically designed online tools for project development. Over 
three months, the partner organisations help refine the project con- 
cept, including how to use crowdsourcing and ensure data quality 
with CCL, and how to optimise social impact at the community and 
policy levels with GovLab. 

e Technical implementation and promotion: The projects set up a pro- 
totype crowdsourcing app on an open source platform, web or 
mobile, with the help of SciFabric? and are then promoted through 
their networks and at international events, benefiting in particular 
from the ONE Campaign’s® strong international following and social 
media savvy to raise awareness. 


Results and challenges 


In 18 months, the Open Seventeen Challenge has issued three calls and 
coached more than 25 projects in diverse areas. From the first two calls, 
partners coached 10 projects, including crowdsourcing for a street guide 
to sustainable businesses, a platform to facilitate access to generic medi- 
cines for specific diseases in Latin America, projects to crowdmap sexual 
violence in India, tracking water policies in Nigeria, mapping the resources 
in a mega-slum of Mexico City, and other initiatives enabling SDG moni- 
toring led by civil society. 

In the most recent call, the Open Seventeen Challenge invited citi- 
zens to tackle specifically SDG 11, which is about making cities inclusive, 
safe, resilient and sustainable. The projects participating in the ongoing 
coaching sessions include mapping food markets in cities; sampling and 
monitoring air quality in Santiago, Chile, and Geneva, Switzerland, with 
wearable open source air detectors; and monitoring the international 
reconstruction work in Gaza. 

While traditional sources of official data remain important, such 
data can also be expensive to generate and leave large data gaps in areas 
where traditional data gathering methods are not applicable. The next 
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Box 9.4. Using the crowd to map rural services in Crowd2Map 
Tanzania 


Crowd2Map Tanzania 


In this project, a teacher reached out wanting to map rural Tanza- 
nia. Through Open Seventeen, she learned about the open source 
application Epicollect (http://www.epicollect.net/). With contacts 
from the partners’ networks and the help of the crowd, Crowd2Map 
Tanzania was set up. The project has already mapped hundreds 
of services in Tanzanian villages and hosted an international 
mapping day. Data are now open and publicly available on Open- 
StreetMap. 


step for the Open Seventeen Challenge will be to connect the grassroots 
initiatives to official government data producers and inter-governmental 
institutions, to ensure that crowdsourcing of open data by the public 
becomes a valuable resource in achieving the SDGs. As the executive direc- 
tor of UNITAR, Nikhil Seth, recently stated in a co-signed correspondence 
piece in Nature, ‘governments will need to support projects that promote 
public participation in measuring progress towards the SDGs. National 
statistics offices must develop best practices for integrating crowdsourced 
data’ (Flückiger & Seth 2016, 448). 


Conclusions 


Digital social innovation and participatory citizen science share the goal 
of engaging citizens with scientists and other professional actors in the 
collaborative development of different types of scientific, professional 
and practical knowledge, related to social needs. Ideally, individual citizens 
and local communities collaborate in the entire process of scientific, 
exploratory or creative inquiry: from the problem definition, through 
data collection, to analysis and interpretation, solution implementation 
and take-up. Successfully realising such types of engagement requires 
supporting different types of motivations and participatory activities, 
and appropriate methods for different purposes and project stages. In 
addition to existing experiences in the fields of citizen science and DSI, 
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the methods and lessons from user-centred and participatory design 
provide actionable insights into how this might be successfully achieved. 

Online platforms for collective intelligence can facilitate practical 
implementation by providing an initial community, access to crowdsourc- 
ing resources and (particularly important) coaching and monitoring sup- 
port. Lessons from literature and case studies discussed in this chapter 
suggest that successful platforms will offer a range of different participation 
modalities with varying levels of effort, allowing citizens to switch between 
different types of engagement based on their motivation, capabilities, 
needs and resources. This should include both simpler activities, requir- 
ing little effort and little continuity, and more complex activities, requiring 
more effort and/or more regular engagement. Face-to-face workshops or 
co-design sessions can be effectively combined with online interaction such 
as continuous online feedback and well-known innovation methods such 
as lead user involvement and citizen experimentation in real-world pilot- 
ing. Incorporating regular feedback to the participants and different mech- 
anisms of social recognition are important for supporting the continuity 
of engagement. Coaching, training and monitoring support (online and 
offline) are essential enablers, but are resource and effort intensive. Crowd- 
sourced approaches can provide one part of the solution (e.g., for con- 
tinuous project feedback and monitoring). Other possible solutions 
could include better support for peer-exchange between different projects, 
recruitment of scientists and other professionals as volunteer mentors, or 
a community-driven massive open online course (MOOC) on designing 
and implementing DSI and participatory citizen science projects. 


Notes 


1 The Hybrid Letterbox project was partially supported by the European Commission within 
the CHEST project, itself partially funded by the EC, grant agreement No. FP7-ICT-611333, 
http://chest-project.eu (see case study presented in this chapter). 

2 The Collective Enhanced Environment for Social Tasks (CHEST) project was partially funded 

by the European Commission (grant agreement No. FP7-ICT-611333, http://chest-project 

.eu) within the Collective Awareness Platforms for Social Innovation and Sustainability 

(CAPS) programme: https://ec.europa.eu/digital-single-market/en/collective-awareness. 

A few users did not reply to all three questions. 

http://citizencyberlab.org/ 

http://openseventeen.org/ 

http://www.thegovlab.org/ 

https://www.one.org 

https://scifabric.com/ 
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Highlights 


e Creative collaboration events foster co-creation, co-design and col- 
laborative thinking at key points in the citizen science research cycle. 
They can help to grow science capital and thus deliver on the prin- 
ciples of citizen science. 

e Such events can be held at any or all stages of the project lifecycle, 
from initial development to sharing outcomes. 

¢ The hybrid ThinkCamp event format is well-suited to citizen science 
and can diversify participation, support knowledge sharing and engage 
a wider audience in the development of new ideas and projects. 

e ThinkCamps can support engagement with policymakers to bring 
community-based citizen science initiatives into the fold of existing 
scientific activities that inform policy and civic action. 


Introduction 


The global aim of citizen science is to actively engage the public in the 
scientific process, with an emphasis on the importance of being open and 
inclusive, and a desire to facilitate creativity, learning and innovation 
throughout (see also Hecker et al. ‘Innovation’ in this volume). Initiators 


of citizen science projects are increasingly encouraged to engage more 
diverse participants to grow ‘science capital’ and deliver the benefits of 
science outcomes to as wide a population as possible (see also Edwards 
et al. in this volume). 

While citizen science is traditionally driven and initiated by research- 
ers who then reach out and engage citizens to help them solve research 
challenges, more communities are becoming active in devising and leading 
their own citizen science projects (see Ballard, Phillips & Robinson; Mahr 
et al., both in this volume). This provides an opportunity for practitioners 
to support grassroots community involvement throughout the entire 
research process: from defining the problems and framing the questions, 
through designing and launching the project, to collecting and making 
sense of the data — including writing academic papers, sharing findings 
widely, and taking action in their community (see also Novak et al. this 
volume, on digital social innovation approaches; and Kieslinger et al. in 
this volume, on outputs from citizen science projects). 

This chapter discusses how to harness the potential of creative col- 
laboration through ThinkCamp events — an ‘unconference’ style event with 
an open and creative environment designed to foster co-creation, co- 
design and collaborative thinking at key points in the citizen science 
research cycle. It draws on the authors’ experiences of running (and par- 
ticipating in) creative collaborative events and explores their potential to 
support inclusive, co-creational approaches to citizen science. Finally, it 
makes specific recommendations for project initiators, event organisers 
and policymakers. 


Science for all: The case for creative collaboration 


The role of the ‘citizen’ in citizen science has been strongly emphasised 
since the mid-1990s, when the term ‘citizen science’ was first coined 
(Bonney et al., ‘Public Participation’, 2009; Irwin 1995). More recently, 
Schafer and Kieslinger (2016) plea for even more diversity in citizen sci- 
ence to further close the divide between society and science, and recom- 
mend a wider range of approaches including ‘the emergence of new forms 
of collaboration and grassroots initiatives’. (Schafer & Kieslinger 2016, 1) 
Citizen science project initiators are encouraged to pursue col- 
laborative and democratic methods that involve the public in all aspects 
of citizen science, as in ‘extreme’ citizen science (Haklay 2013) where, 
‘Approaching and coaching communities to express their needs has the 
potential to generate very innovative projects that not only contribute to 
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knowledge making but also to true social change — this is part of a wider 
approach of participatory action research’ (Cunha 2015). Extending 
this approach to also influence policy by engaging policymakers provides 
another political dimension to citizen science. We propose that Think- 
Camps might offer a way to facilitate this in practice, an approach that 
contributes to the field of participatory democracy (See Smallman in this 
volume). 

The value of cross-disciplinary collaboration across traditional 
organisational boundaries is well recognised in business (Mattessich & 
Monsey 1992), in scientific research (Hara et al. 2001) and in facilitating 
radical innovation within industries (Blackwell et al. 2009). The role that 
cross-disciplinary collaboration can also play in citizen science, to broaden 
and deepen the role of citizens, is becoming increasingly clear: 


We thus ask ourselves how may the combination of insights from 
artist-designers, natural and social scientists, change the status and 
indeed the experience of engaged citizens beyond the denomination 
of mere ‘data drones’?. . . . it is perhaps here that interdisciplinary 
collaboration becomes most relevant, allowing us to be more inven- 
tive with people and with technology . . . In this way the conven- 
tional parameters of what is expected of public participation and 
what counts as monitoring can be potentially shifted. 

(Hemment et al. 2011, 63) 


The concept of creative collaboration arose in the business world in an 
effort to embrace a more grassroots approach, where collaboration is: 


an act of shared creation and/or shared discovery: two or more indi- 
viduals with complementary skills interacting to create a shared 
understanding that none had previously possessed or could have 
come to on their own. Collaboration creates a shared meaning about 
a process, a product, or an event. (Hargrove 1997, 33). 


These characteristics of creative collaboration — endeavouring to achieve 
shared value and create something new — are well-suited to citizen science, 
where the process is as important, if not more so, than the outcome (Freitag 
2013). This diversity of input also improves the effectiveness of the approach 
and the quality of the outcomes of citizen science: ‘Incorporating diverse 
ways of knowing into the analysis of a given issue increases understand- 
ing of the issue and offers solutions better tailored to the full context’ 
(Freitag 2013, 2). 


CITIZEN SCIENCE 


Growing science capital 


One lens through which to view the role that citizen science plays in soci- 
ety is the concept of science capital, which looks at the level and depth of 
exposure that communities, families and individuals have to science 
knowledge and scientific thinking (see also Edwards et al. in this volume). 
Science capital is related to social capital and cultural capital in that it 
encompasses all the science-related knowledge, attitudes, experiences and 
resources that one acquires through life (Archer et al. 2015), and may lead 
to the pursuit of a career in science (Edwards et al. 2015). Citizen science 
projects can have a tangible impact on growing science capital by design- 
ing recruitment and engagement efforts to reach as broad a spectrum of 
people as possible, with an emphasis on involving children, young adults, 
and families with low science capital (Edwards et al. 2015; see also 
Makuch & Aczel; Harlin et al., both in this volume). 

Organising creative collaboration events around community-specific 
issues that impact people’s lives directly gives participants the opportu- 
nity to a) mingle with scientists to broaden their understanding of what 
science entails and what scientific careers look like; b) direct a line of sci- 
entific enquiry towards outcomes for their communities, incentivising 
active involvement and fostering ownership; and c) co-create new citizen 
science projects with a genuine local impact. 

This approach builds on the spectrum of public involvement goals 
established by the International Association for Public Participation 
(IAP2), which begin with information sharing and build up to collabora- 
tive acts of partnership across the decision-making process, such that the 
final decision is in public hands (Ramasubramanian 2008). It is impor- 
tant to recognise the potential power dynamics inherent in community- 
based participatory research (Banks et al. 2013) and citizen-led digital 
innovation (Whittle et al. 2012), and to ensure these events present 
the opportunity to foster scientific citizenship among all participants 
(Irwin 2001). 

Indeed, the first of the Ten Principles of Citizen Science is: ‘Citizen 
science projects actively involve citizens in scientific endeavour that gen- 
erates new knowledge or understanding’. (ESCA 2015; Robinson et al. in 
this volume). This major central theme of inclusiveness and involvement 
is re-emphasised in the third principle, ‘Both the professional scientists 
and the citizen scientists benefit from taking part’, and again in the fourth 
principle, ‘Citizen scientists may, if they wish, participate in multiple stages 
of the scientific process’. Delivering on these principles in practice requires 
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building in opportunities for collaboration between citizens and scientists 
throughout the project, from initiation to conclusion. 

Ideally, this allows citizens to define at the outset what research 
questions are most relevant for them and their immediate environment, 
and how they can benefit from the process and outcomes (Sanders & 
Stappers 2008). Creative collaboration events provide a space to bring 
these principles to life, curating around the potential chaos of many 
voices. 


Creative collaboration events 


Management books are full of good advice about how to nurture creative 
collaboration within organisations (Hargrove 1997), or how to open the 
innovation process to a wide range of beneficial partnerships (Chesbrough 
2003). These formalised methodologies are well-suited to a commercial 
context with either a shared profit motive or the desire to develop inno- 
vative new products and services, but are less useful for garnering public 
participation. 

New online models of co-creation, collective intelligence and delib- 
eration that foster scientific agency and democratic participation are 
emerging (see for example, Miah 2017; Saunders & Mulgan 2017), but 
the reality in citizen science is that individual participants can be widely 
spread demographically as well as geographically, with unequal access 
to the internet (see Haklay in this volume). Face-to-face events have 
therefore evolved to embrace the principles of citizen science and are 
designed to support creative collaborations locally, while also being com- 
patible with cross-border citizen science by dispersing such events across 
a wider range of locations. 

Creative collaborative events can also be held throughout the life- 
cycle of a citizen science project, when formulating research questions, 
designing the project, co-designing any tools, launching the project and 
sharing and celebrating the outcomes. 

Creative collaboration events are often known as ‘unconferences’, a 
term dating back to the 1998 announcement of the XML Developers Con- 
ference in Montreal, Canada (Bosak 1998). Their original purpose was to 
be more participatory than the classic ‘sit-and-listen’ formal conference, 
and to facilitate in-depth conversations and knowledge sharing. Uncon- 
ferences are participant-driven, often with no set agenda beyond an 
opening statement, and they are frequently based on the Open Space 
Technology technique developed by Harrison Owen in the mid-1980s 
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(Owen 1993). Today, there are several common types of events in this cat- 
egory: Open Space, BarCamps and hack days and hackathons. These are 
considered in more detail below. 


Open Space events 


Open Space Technology — oddly named, as it is more properly an approach 
or technique — brings order to chaos by relying on individual participants’ 
ability to self-organise when a safe and welcoming space is provided for 
them. In essence, people are brought together around a defined subject 
and then provided with the space to raise the issues that matter most to 
them, thus setting the discussion agenda for the rest of the event. When 
people gather in an Open Space group, the ‘law of two feet’ applies — any 
individual not contributing or getting anything out of the break-out group 
should move to another group. 

Open Space is most effectively used within organisations, commu- 
nities or groups of people who have a strongly shared goal because it relies 
on participants taking ownership of any actions arising from the sessions. 
It works best when high levels of complexity, diversity, conflict (real or 
potential) and urgency are present (Owen 2008). A useful repository of 
resources for organising Open Spaces can be found on the Open Space 
World website (http://openspaceworld.org). 


BarCamp events 


The BarCamp format was inspired by the Friends of O’Reilly Conference, 
known as FooCamp (Tantek 2006), created by O’Reilly Media founder, 
Tim O'Reilly, at the turn of the millennium. The defining feature is a white- 
board or brown-papered wall on which participants draw up their own 
agenda for the event. As Tim O’Reilly recalls, 


We did the very first Foo Camp in 2003. It was in the middle of the 
dotcom bust, and we had a lot of empty space. It was really for fun, 
a thank-you to all the people who had given us the gift of their time, 
attention and ideas over the years. The output is not what we learn 
but what they learn. It goes back to creating more value than you 
capture. I love helping people make new connections. 

(O'Reilly in Levy 2012) 


BarCamps similarly enable the spontaneous creation of the agenda 
and session content at the event itself, by way of a scheduling wall 
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where participants post and announce their sessions. ‘There are no 
spectators’, the BarCamp philosophy goes, ‘there are only participants’ 
(DeVilla 2011). BarCamp gatherings are increasingly widespread globally, 
including science-themed BarCamps (http://lanyrd.com/2011/scibar 
camb/) and citizen science-themed BarCamps (https://wikimedia.de/wiki 
/Wissenschaft/csbarcamp; and http://buergerschaffenwissen.de/bar 
camp). 

These events support self-directed learning and knowledge sharing, 
and can strengthen a sense of community. They are not usually designed 
for prototyping or the development of new ideas, and rarely lead to action 
planning beyond the event. A useful repository of event information and 
resources for organising BarCamps can be found at the official BarCamp 
wiki (http://barcamp.org). 


Hack day and hackathon events 


Finally, hack days and hackathons stem from formalised approaches to 
collaboration and co-creation that began to move beyond the realm of 
open innovation and open research and development (R&D) in the early 
2000s (Chesbrough 2003), and into the realm of open source communi- 
ties and technology organisations. The open source community pioneered 
‘outside-in’ creative collaboration events to produce code and develop new 
functionality and features, and created a space that went beyond idea gen- 
eration and information sharing. OpenBSD and Sun invented the hack- 
athon event format in 1999 to enable a high-intensity collaborative coding 
effort around a shared code base (http://www.openbsd.org/hackathons 
-html). A more free-flowing hack day format was introduced by Yahoo! 
in 2006 to engage with their external developer community, enhance 
internal product development and support the creative application of 
their developer tools and software development kits (Dickerson 2005; 
Dickerson 2006). 

As with BarCamps, hack days and hackathons continue to grow in 
popularity as a creative outlet for developers and a way for organisations to 
engage with a wider community of participants than usually possible. They 
have now expanded beyond their initial software developer orientation 
into fields such as civic engagement (https://www.bathhacked.org/), sci- 
ence (http://sciencehackday.org/), health (http://nhshackday.com) and 
museum engagement (https://museumhack.com). 

Hack days are usually focused on the technology community and 
those with technology skills so are particularly well-suited for prototyp- 
ing new ideas on the fly, testing prototypes for new citizen science mobile 
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or web applications (Sanders 2008), and inviting the creation of new tools 
for citizen science based on existing software, technology platforms or 
devices. An excellent best practice guide to organising hack days can be 
found in the Hack Day Manifesto (http://hackdaymanifesto.com/). 


The ThinkCamp approach to creative collaboration 


The ThinkCamp methodology was first developed by the Mobile 
Collective (Gold 2011) to provide an open and creative environment for 
developing new products and services at the cross-section of different 
fields, such as mobile technology and health services. It came from the 
observation that a new generation of health care professionals were 
technology savvy and saw opportunities around them, but did not have 
the developer skills to act on them; at the same time, many in the tech- 
nology community were passionate about health care provision based on 
personal experiences, but had no direct channel to make a positive impact. 

The event format was born out of the desire to combine the impro- 
visational creativity of the hack day with the self-organising principles of 
Open Space Technology. The ThinkCamp methodology also incorporates 
the interdisciplinary approaches to open innovation of the ‘Fuzzy Front 
End’ of R&D (Rubinstein 1994; Sanders 2008), which optimises creative 
problem-solving by taking the process outside the walls of a single organ- 
isation (Rochford 1991). 

ThinkCamps invite participants from a diverse range of disciplines, 
skill sets and experiences to collaborate on addressing problems, rising 
to challenges and taking advantage of new opportunities. A key goal is 
to lower the bar for non-technical participation so that people without 
coding skills who might not feel comfortable at a hack day are able to 
join teams and make a significant contribution. This format evolved fur- 
ther during the EU-funded Citizen Cyberlab project (http://archive 
.citizencyberlab.org/) to provide a space for offline community-building 
and creative problem-solving, where scientists and citizens could meet 
to devise new projects or further develop the Citizen Cyberlab toolkit 
(Gold 2012). Although participants do not require computer program- 
ming or other technology skills, they can still contribute to the develop- 
ment of new technology features and functionality in the role of ‘user as 
co-designer’ (Sanders 2008), and provide inputs to prototyping at the 
event. 

The hybrid ThinkCamp event format is uniquely suited to the con- 
text of citizen science, where external voices are valued. Supporting the 
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sharing of knowledge among diverse participants and building bridges to 
engage a wider audience in the development of new ideas and projects 
helps to deliver on the principles of citizen science throughout the pro- 
ject lifecycle. 


The evolution of the ThinkCamp format 


The first iteration of the event format was the MC ThinkCamp mHealth 
organised by the Mobile Collective in June 2011, to address opportuni- 
ties and challenges in health care by applying mobile and web technolo- 
gies in innovative ways. Seventy-five participants attended, primarily 
mobile developers, technologists and health care professionals. The event 
opened with two keynote talks to provide context and inspiration for the 
discussions alongside demonstrations of current mobile app initiatives in 
health care. The Mobile Collective team then facilitated the creation of the 
agenda in the Open Space style and provided support for the working 
groups that emerged organically. Nine working groups formed, eight of 
which presented outcomes at the end of event and two of which contin- 
ued after the event (Gold 2011). 

The engagement and interest among the participants was high, with 
many indicating that they wished to stay involved in the further develop- 
ment of the ideas that emerged. However, it was not possible to ‘own’ the 
projects as event organisers and few participants were in a position to take 
on product development outside the scope of their day job. Bringing this 
format to citizen science, with the aim of supporting grassroots public 
involvement, therefore means ensuring project ownership is in place to 
take things forward. 

ThinkCamps start with short presentations to set the scene and pro- 
vide context as inspiration or to present the challenges for the day. If the 
agenda is to be set by participants, then the event can unfold as described 
above, which requires little prior planning, but relies on participants 
pursuing the ideas generated after the event. If the agenda is to feature 
pre-defined challenges, organisers invite the submission of ideas before- 
hand, work with challenge ‘owners’ to present them in a way that invites 
collaboration, and structure challenges so they can be reasonably tack- 
led within the time allotted. A challenge can be a problem within an 
existing project or technical platform, a new technology, a new opportu- 
nity, an idea for a new project and so on. 

Challenges need to be presented by the owner — the person with 
insight into the problem or opportunity, who is inviting participation but 
can also take ownership of any ongoing actions beyond the event itself, 
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either by incorporating them into existing processes, or taking the lead 
on new initiatives. After the challenge presentations, participants self- 
select which working groups to take part in, facilitated by the challenge 
owner. As with any Open Space, the ‘law of two feet’ applies so partici- 
pants should always feel free to move among discussions to those they are 
learning from, contributing to or enjoying. The event culminates in a ‘show 
and tell’, where each group presents their challenge and the outcome of 
their work or discussion, closing with a request for participants to indi- 
cate any desire to stay involved. 


Challenge-driven ThinkCamps for citizen science 


The next two iterations of the ThinkCamp format took place as part of 
the international Citizen Cyberscience Summit conference series in 
London in 2012 and 2014 (CCS12 and CCS14). Although billed as a 
hack day for ease of communication and to attract external participants 
with technology skills for prototyping, the format followed that of 
the mHealth ThinkCamp but was more deliberately curated with a 
range of pre-defined challenges connected to the themes of the confer- 
ence and presented by challenge owners. The goal was to open the 
event beyond the traditional conference community of practitioners 
(primarily citizen science practitioners from research institutions and 
academic organisations) to harness the knowledge and skill sets of a 
wider audience for creative problem-solving to the benefit of current 
and future projects. 

This included inviting members of the regional hack day and DIY 
science communities (see Novak et al. in this volume), inviting volunteer 
participants from the citizen science projects represented at the confer- 
ence, posting event information to Meet-Up groups related to the chal- 
lenges (meetup.com), sharing information with grassroots organisations 
in related fields, making event registration public on Eventbrite (event- 
brite.co.uk) and promoting on the event discovery platform Lanyrd 
(http://lanyrd.com/2014/citizen-cyberscience-summit/). 

The challenges were framed to address problems in the field, define 
and develop the next step for existing projects, respond to challenges in 
practice and take advantage of new opportunities. Each challenge repre- 
sented a different stage of the project cycle, from ideas for new projects 
to the furthering of existing projects. Both events opened with the chal- 
lenges being presented in ‘elevator pitch’ style (a persuasive sales speech 
that takes no longer than an elevator ride), in front of a wall of posters 
for each of the challenges (see figure 10.1a). Participants were then 
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Fig. 10.1 The Citizen Cyberscience Summit ThinkCamp 2014, 
London England. Image A — Ian Marcus of the Centre for Research and 
Interdisciplinarity, Paris, introducing the SynBio4All Challenge during 
the ‘Elevator Pitches’. Image B — Jesse Himmelstein of the Centre for 
Research and Interdisciplinarity, Paris, working with fellow participants 
on the RedWire.io Challenge. (Source: Margaret Gold, CCBY) 


invited to join relevant working group tables based on their own experi- 
ence, skills, personal interests or ability to make a contribution (see 
figure 10.1b). 

The CCS12 conference featured 13 challenges and approximately 
50 participants, and led to a number of projects moving forward with new 
ideas and fresh participation. A range of interesting prototypes were 
demonstrated at the end (see figure 10.2c) and an audience vote was 
taken on various prizes to be won (see figure 10.2d). 


For me, several highlights of the conference included the impromptu 
integration of different projects during the summit. Ellie D'Hondt 
and Matthias Stevens from BrusSense and NoiseTube used the 
opportunity of the PLOTS balloon mapping demonstration to extend 
it to noise mapping; Darlene Cavalier from SciStarter discussed with 
the Open Knowledge Foundation people how to use data about citi- 
zen science projects; and the people behind Xtribe at the University 
of Rome considered how their application can be used for Intelligent 
Maps — all these are synergies, new connections and new experimen- 
tation that the summit enabled. (Haklay 2012) 


Building on this success, CCS14 featured a fresh set of 14 challenges and 
approximately 60 active participants, with five challenge outcomes pre- 
sented at the end. Not only did the collaborations result in a wide range 
of projects being moved forward, but a number of new initiatives came 
out of the connections made. 
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Fig. 10.2 The Citizen Cyberscience Summit Hack Day 2012, 
London, UK: Image C - Leif Percifield of Newell Brands presenting 
the outcomes of the Air Quality Egg challenge at the Show & Tell. 
Image D - Louise Francis of Mapping for Change and UCL ExCiteS 
taking the audience vote, with a noise metre held aloft, for prizes to 
be won. (Source: Cindy Regulado, CCBY) 


The Cyberscience Summit Hack Day 2014 was a great experience 
for us at the Lightyear Foundation. We met many people, particu- 
larly Rick Hall from Ignite! From this meeting grew an idea for a 
Lightyear-Ignite! collaboration on Lab_13 Ghana: a pupil-led sci- 
ence space based at a school, based on similar projects in the UK. 
Following this we raised the funds, recruited volunteers, and in 
April 2015 launched the pilot at the Agape Academy in the Bos- 
omptwe district in Ghana, which has already worked with 29 local 
schools and over 600 students. None of this would have happened 
without the Cyberscience Summit Hack Day! 

(Gavin Hesketh, UCL/Lightyear Foundation) 


Workshops ran in parallel, which fit well with the hands-on theme and 
often provided relevant know-how but took time away from the Think- 
Camp itself. It takes about half a day for participants to embed themselves 
in a challenge, so where possible, a citizen science ThinkCamp should be a 
two-day event, with stronger connections between the workshops and the 
challenges. CCS14 also had a Citizen Science Cafe, based on the World 
Cafe format for hosting large group dialogue (http://www.theworldcafe 
.com/). This was introduced the evening before the ThinkCamp and 
brought 50-plus volunteers from various citizen science projects together 
with the organisers and scientists behind the projects. This was an impor- 
tant recognition of the value of the volunteer community and a chance to 
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meet like-minded people, as well as providing project owners with valu- 
able feedback and insights. Unfortunately, almost none of these external 
attendees participated in the ThinkCamp the next day, perhaps due to 
the relative ease of attending an evening event over a full-day weekend 
event. 

However, these events demonstrated that participants who had 
attended the full three days of conference sessions (keynotes, talks and 
workshops) came to the ThinkCamp with a range of new ideas and were 
eager to apply them in a new context, enhancing the discussions around 
the presented challenges. As the conference organiser reflected, after a 
day of ‘listening’ and a day of ‘talking’, the third and final day of the sum- 
mit was about ‘doing’ (Haklay 2014). 


The citizen science ThinkCamp at ECSA 2016 


The most recent iteration of the challenge-driven ThinkCamp format was 
at the first international European Citizen Science Association (ECSA) 
conference in Berlin in 2016, as a full-fledged citizen science ThinkCamp 
to which the local Berlin DIY science, bio-hacker and maker communities 
were invited (see also Mazumdar et al. in this volume). Organised together 
with Lucy Patterson, who is co-organiser of Science Hack Day Berlin and 
the Berlin Science Hacking Community, the event was held on the third 
and final day of the conference and was structured as a day of collabora- 
tion, sharing and the exchanging of ideas (see box 10.1 below). To reduce 
barriers to attendance, the event was free for non-conference participants, 
held in a ground-floor space for ease of access and on a Saturday so that 
taking time off work would not be necessary. Participants were also 
encouraged to attend any of the mainstream conference sessions happen- 
ing in parallel with the ThinkCamp for free. 


Box 10.1. Citizen science ThinkCamp, ECSA Conference 2016 


Why: To engage with local Berlin grassroots science and maker 
communities as part of the conference, collaborating on oppor- 
tunities and addressing challenges in citizen science. 

When and where: May 21, 2016, Berlin, Germany 

Event wiki: https://sites.google.com/a/gold-mobileinnovation.co 
.uk/ecsa2016—citsci-thinkcamp/About-the-Think-Camp 
/home 
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Who: Over 75 participants, of which 12 attended from outside the 
conference — participation was encouraged from local Berlin 
DIY science, bio-hacker and maker communities as well as vol- 
unteer participants in the citizen science projects represented at 
the conference. 

What: 


1. 


The ECSA Inclusiveness Challenge - How can we ensure 
that ECSA becomes an inclusive organisation? 


. The WeCureALZ ‘Engaging Diversity’ Challenge — Help us 


design unique and effective strategies to engage and retain 
diverse communities. 


. The CitSci Communities of Europe Challenge - Mapping 


the citizen science communities of Europe: How and why 
should we do this? 


. The Overleaf Collaborative Writing Challenge — How can 


Overleaf support collaborative writing between academics 
and citizen scientists? 


. The Museum Data Visualisation Challenge — How can the 


visualisation of observation data gathered in the field be 
made more engaging and dynamic for participants? 


. The HealthSites.io ‘CitSci for Health’ Challenge — What 


Citizen Science projects become possible with the health 
facilities geodata being mapped on the HealthSites.io plat- 
form? 


. The Motion-sensing Camera Trap Challenge — Help us to 


design and build a DIY camera trap for citizen scientists 
around the world. 


. YOUR Citizen Science Challenge - Two challenges were 


proposed spontaneously by participants on the day: 1) How 
can we apply citizen science to the issues faced by refugees? 
and 2) How can we make sure that citizen science projects 
are interoperable? 


Outcomes: Of the seven pre-defined challenges, four are still 
actively being worked on at the time of writing, and two may 
lead to new collaborations. The two spontaneously presented 
challenges led to fruitful discussions and new connections made 
between the participants. 
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A key innovation at the ECSA ThinkCamp was to host a ‘Citizen Sci- 
ence Disco’ the evening before, which featured a series of talks from the 
local DIY science, hacker and artistic communities to provide them with 
an important voice that might otherwise have been missed. This set the 
scene for the ThinkCamp challenges the next day, where the goal was to 
collaborate with the broadest local audience possible (Patterson 2016). 


Outcomes of the citizen science ThinkCamp challenges 


Benefits to the projects and project owners who presented a challenge at 
the ThinkCamp included making new contacts, the exploration of pro- 
ject goals and audiences, insights into engaging audiences and new 
practical solutions. Having project leaders present to lead discussion 
was key to ensuring results and ownership of new actions, and this also 
worked particularly well for the spontaneous challenges where challenge 
owners were motivated by the projects presented and opportunities to 
collaborate. 

Participants in the ECSA Inclusiveness Challenge session (see the 
challenge poster in figure 10.3 image E) agreed that citizen science has 
the potential to be a transformative approach and make research more 
inclusive, but that work needs to be done to achieve this. Three main 
areas of focus were defined during the discussion, with a range of main 


Fig. 10.3 The ECSA citizen science ThinkCamp 2016, Berlin 
Germany: Image E - The ECSA Inclusivity Challenge poster. (Photo credit: 
Margaret Gold, CCBY). Image F —- The ECSA ThinkCamp participants in 
working groups alongside the related challenge posters. (Source: Florian 
Pappert, CCBY) 
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points for attention and action items being picked up by ECSA head- 
quarters in partnership with synergistic activities such as the Citizen 
Science COST Action. These points were worked on further at the 
Doing-it-Together Science (DITOs) European Stakeholder Round Table 
on Citizen and DIY Science and Responsible Research and Innovation 
(RRD (Gobel 2017). 

For the WeCureALZ (now ‘EyesOnALZ’) Engaging Diversity Chal- 
lenge, ‘the ThinkCamp had a huge beneficial impact... across many 
dimensions — a testament to the preparation, participants, and format’ 
(Pietro Michelucci, Human Computation Institute), including renaming 
the project and associated game, a new approach to designing game lev- 
els, removal of the ‘test phase’ at the start of the game to lower barriers to 
entry, and consideration of accessibility factors for an older audience, such 
as larger fonts, buttons and full-screen video elements (Ramanauskaite 
2017b). 

The facilitator of the CitSci Communities of Europe Challenge, Jose 
Luis Fernandez-Marquez of the Citizen Cyberlab and University of 
Geneva, reported that the ThinkCamp brought new contacts, which will 
be beneficial to the DITOs project they are participating in, as well as 
establishing a number of key functional requirements: 


I was especially surprised with the interest of the EC [European 
Commission] in these kind of maps. Initially the goal of the map was 
outreach — to increase the visibility of CS [citizen science] projects 
over Europe, allowing citizens to easily find new CS projects. How- 
ever, the information we were gathering was very useful for the EC 
to evaluate CS projects, their impact, to see what happen with the 
CS projects over the long term (especially those funded by the EU). 
Also, CS project owners were very interested in the map. They 
wanted to see the different technologies each of the projects is using. 
They mentioned as an example, that there are more than 10 CS pro- 
jects tracking foxes in cities, and they implemented the apps every 
time from zero. 


The owner of the Overleaf Collaborative Writing Challenge was unfortu- 
nately unable to attend the event, but another participant at the conference 
volunteered to lead the discussion. A detailed discussion ensued, which 
identified the potential for a small research project and generated the 
enthusiasm to take it forward. However, lack of ownership or further 
investment might hinder development. The Healthsites.io ‘CitSci for 
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Health’ Challenge suffered a similar fate, with the project owner unable 
to attend at the last minute and no volunteer facilitator available. Conse- 
quently, this challenge failed to form a group of participants. 

Participants in the Museum Data Visualisation Challenge discussions 
spent time defining who museum audiences are, and what their motiva- 
tions and interests might be for museum data, before bringing that back 
into recommendations for the digital representation of data. 

The Motion-sensing Camera Trap Challenge attracted a mix of 
participants with hardware hacking and DIY science skills, who further 
defined the challenges to building your own camera trap, and examined 
three alternative pieces of kit by taking them apart and making notes on 
the challenge Etherpad (Hsing 2016). Work on this challenge was moved 
forward beyond the event by posting a challenge to the broader DIY sci- 
ence community on the Hackaday.io platform (Ramanauskaite 2016), and 
running an open workshop session at the annual Mozilla Festival in Lon- 
don in November 2016. 

The importance of encouraging and providing space for external 
participants to raise issues that matter to them, in order to draw on the 
wide range of experience and skills in the room, was again evident at the 
ECSA 2016 ThinkCamp. The two spontaneous challenges (see box 10.1) 
both led to fruitful conversations. Spontaneous challenge owners are often 
uniquely placed to act on any outcomes beyond the event because it is 
inspired by something directly relevant to them, and they gain the sup- 
port of new contacts. 


Best practice recommendations for 
creative collaboration events 


Creative collaborative events can foster co-creation, co-design and collab- 
orative thinking at all points in the citizen science research cycle. Chal- 
lenges that are well-suited to creative collaboration have represented the 
full spectrum of the project lifecycle, from ideas for new projects and the 
beginning phases of newly funded initiatives, through mid-project 
improvements and impetus for new directions, to the creative application 
of existing tools and platforms in new ways, and finally to the representa- 
tion of data upon research conclusion. 

Additionally, by taking the time to reach out to a wider group of 
potential participants, particularly those connected to the subject matter 
of the challenges as well as those traditionally under-represented in citi- 
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zen science research, means that more diverse experiences and viewpoints 
are brought to the table. 


To meet their potential to support inclusive, co-creational approaches 


to citizen science, the following steps are recommended for project initi- 
ators and event organisers. 


Before the event 


1. 


Resource: 

a. Budget for a part- or full-time community manager, and the sup- 
port of grassroots community spaces in funding applications for 
your events; 

b. Consider accessibility, travel and dietary requirements of partic- 
ipants in advance and budget for these costs. 


. Ownership: Invite pre-event challenge submissions and encourage 


attendance by the challenge owner. This is key to attracting partici- 
pants and to following up on actions post-event. Consider how 
contributions will be recognised and accredited by the project 
owners. 


. Outreach: Actively reach out to a diverse range of participants and 


be sensitive to removing barriers to attendance, including time of 
day and physical location. Explore ways to give local people a plat- 
form and a voice, particularly those who would not call themselves 
citizen scientists. 


During the event 


4. 


Context: Set the context and find ways to make it relevant to what 
people already know. 


. Equity: Create the space to value and share knowledge and experi- 


ence between all participants on an equal footing for mutual bene- 
fit. This might require self-regulation from some participants to 
ensure everyone’s contributions are valued. 


. Representation: Build elements into the event programme that 


actively allow other voices to be heard such as World Cafe-style dia- 
logue or guest talks. 


. Spontaneity: Invite, encourage and support spontaneous contribu- 


tions from participants. 


. Innovate: Embrace serendipity, failure and unexpected outcomes to 


enable innovation. 
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9. Openly evolve: Document, evaluate and reflect on your events to 
share and help evolve creative collaboration approaches further. 
Prototypes, videos, reports and code can all be posted online. Be 
sure to credit everyone and get prior informed consent. 


After the event 


10. Connect: Provide forums or facilitate connections through which 
people can stay in touch and updated on progress (but which they 
can also opt out of). 


Event organisers need to consider the fact that many people outside 
the existing community of citizen science practitioners do not necessarily 
identify with the label ‘citizen scientist’ (Eitzel et al. 2017; Lewandowski 
et al. 2017), even when they may be participating in activities that fit the 
academic definition. 


Problems include: The fact that not all communities are included 
in the conversation: not everybody identifies themselves with the 
same labels we use. That means we have the responsibility to be 
aware of these communities and reach out with them. 
(Ramanauskaite 2016) 


A diverse range of voices contributing to the ThinkCamp process is pos- 
sibly as important as the outcomes of the event itself: ‘Citizen science does 
not replace this definition of “best available science” but adds a new 
dimension. The broader definition includes wider participation, broader 
impacts to society, and chances for many perspectives to add their voices 
to the final analysis’ (Freitag 2013, 2). 

Serendipity must be embraced when designing and running any 
variation of creative collaboration event, where participants are being 
invited to shape or entirely drive the agenda. Although the organiser can 
structure ThinkCamp events to support a certain desired outcome, once 
the event begins, control is handed over to those who are in the room — it 
is their event now, and they will take it in the direction that meets their 
needs, satisfies their curiosity or resolves their desire to seek a particular 
solution. 

Harrison Owen advises strongly on the importance of letting go all 
control of Open Space, and defines the four principles as ‘1) Whoever 
comes is the right people. 2) Whatever happens is the only thing that could 
have. 3) Whenever it starts is the right time. 4) When it is over it is over’ 
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(Owen 1993, 31). ThinkCamps should therefore not be resourced and 
funded with strict ‘performance criteria’ in mind, such as defined outputs 
or attendance numbers. 

In fact, challenges spontaneously proposed by participants at the 
event itself should be actively encouraged and supported. Successful 
creative collaboration events can bring the virtuous circle of ‘informal, 
unstructured and social’ learning (Jennett et al. 2016, 15) to life in face- 
to-face interactions between participants and scientists: 


It is important to provide enough creative space where grassroots 
initiatives can flourish side-by-side with more established forms of 
scientific knowledge production and a platform where the commu- 
nity can meet and exchange ideas so as to establish fertile grounds 
for the broader dissemination and uptake of this collaboration 
between citizens and scientists. (Schafer 2016, 10) 


Further, with the advent of the DIY science, open science and maker move- 
ments, it is important to consider how to foster and build capacity, sup- 
port the crossover of knowledge and know-how, and share with creative 
citizens participating in these spaces, as there is much to be learned from 
different groups (Patterson 2017). Holding project-funded events in grass- 
roots community locations such as Fab Labs and Hackerspaces is one 
tangible way to provide these communities with much-needed finan- 
cial support. (Patterson 2017; Ramanauskaite 2017a) 

Indeed, the recent Arizona State University Maker Summit brought 
the maker and citizen science communities together to share insights, 
tools and best practices (Prange, Lande & Cavalier 2018). The Learning 
Outcomes and Next Steps report from this event can be found online at 
https://makersummit.asu.edu/. All such approaches to generate insights 
and foster cross-pollination by bringing these communities together 
through creative collaboration are welcomed. 

Theoretically, creative collaboration events for citizen science can be 
situated alongside other creative research methods. For example, within 
media and communication studies, Gauntlett (2011, 4) considers ‘mak- 
ing’ as a way of connecting ideas, to other people and to the social and 
physical environment: 


This rarely seems to be a matter of ‘making what I thought at the 
start,’ but rather a process of discovery and having ideas through 
the process of making. In particular, taking time to make something, 
using the hands, gave people the opportunity to clarify thoughts or 
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feelings, and to see the subject matter in a new light. And having an 
image or physical object to present and discuss enabled them to 
communicate and connect with other people more directly. 


It is here that creative collaborative events involving diverse participants 
might add considerable value to what citizen science offers, in terms of 
making sense of the world around us, our relationships to it and to one 
another. 


Conclusion: Towards participatory democracy 


The evidence and outcomes of ThinkCamps, which were designed to open 
up formal academic conferences to participation from a wider community, 
point to the value of embedding such events more deeply within citizen 
science projects. They are a valuable tool with which to foster co-creation, 
co-design and collaborative thinking during the citizen science research 
cycle. 

Experience evolving these creative collaboration event formats to 
embed them within citizen science demonstrates the potential to deliver 
on the promise of science capital, and the principles for diversity and inclu- 
sion within citizen science as set out within the ECSA Ten Principles (see 
Robinson in this volume). More in-depth evidence and further research 
is required but it is important to consider how these approaches might be 
of value to supporting democratic participation in science policy by bridg- 
ing the science-society gap. 

The citizen-led approach to a shared understanding of both the 
problem and the solution, with event-based support for co-creation 
throughout, has clear implications for how policy could be formed in areas 
where science has a vital role to play, such as biodiversity management, 
air and water pollution, and fracking. For example, the pan-European 
DITOs project sets out to involve citizens in both bio-design and, critically, 
to contribute to policy on environmental monitoring. 

Furthermore, as more communities become active in devising and 
leading their own citizen science projects, there is an opportunity for 
policymakers to not only play a key stakeholder role in the project life- 
cycle, but also to support such grassroots efforts by ensuring that there is 
a pathway to action and funding: 


Strategic policy-making needs to consider inclusive programme 
designs and funding mechanisms. . .. When we talk about funding, 
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agencies should consider a funding programme for citizen science 
projects that aims to collect the manifold experiences from the dif- 
ferent project typologies of this ever evolving research methodology 
and that creates visibility for the potentials of citizen science for 
researchers and the public. (Schafer 2016) 


Sociologists have outlined both the possibilities and practical and ethical 
challenges of deliberative democratic methods to engage citizens in pub- 
lic policy-making (Irwin 2001; Arnason 2012; Saunders & Mulgan 2017). 
The field of participatory democracy and the concept of the ‘participatory 
turn’ (Bherer et al. 2016) provides guidance as to how creative collabo- 
ration events could further bridge the gap between science and society, 
by scaling this approach to engage citizens, scientists and policymakers 
together. This has implications for funding bodies and how they select the 
initiatives which they support: 


A clear challenge to design a programme that allows participation 
of “grassroots” initiatives, which are driven by civil society organi- 
sations or by independent citizen scientists, therefore presents 
itself. . . . Inthe long run, citizen science should not be seen as sep- 
arate from other research areas but as an integral part of existing sci- 
entific activities comparable to science communication. Thus the 
involvement of citizens could become one of the selection and eval- 
uation criteria in existing funding schemes. (Schafer 2016) 


Those planning their own future citizen science projects, or practitioners 
seeking to support grassroots initiatives for scientific enquiry, should 
therefore consider not only introducing such events as a tool for inclusion 
and co-creation, but also deliberately engaging with policymakers to bring 
community-based citizen science initiatives into the fold of existing sci- 
entific activities that inform policy and civic action. Policymakers should 
also be encouraged to consider the recommendations for running creative 
collaborative events as a process to facilitate a range of expertise contrib- 
uting to and influencing decision-making. 

Finally, given that citizen science projects often use the internet, and 
that participative democracy needs to draw on wider contributions, it will 
be important to consider and evaluate effective, equitable and accessible 
ways and tools to foster contributions to the co-design, analysis and report- 
ing of citizen science projects. This might also help with tracking follow- 
up actions and contributions, sharing methods, innovations and progress 
more widely. 
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Highlights 


e Universities are an integral part of citizen science activities. 

e Universities gain breadth and strength in research by adopting and 
supporting citizen science, which consolidates their position and rec- 
ognition in society, brings new resources and increases public trust 
in universities. 

e Universities contribute to citizen science by providing professional 
infrastructure, knowledge and skills; ethical and legal background; 
educational facilities for present and future citizen scientists; sus- 
tainable teaching; and funding. 

e University engagement in citizen science faces a number of chal- 
lenges, which can be managed through project planning and the 
support of funders and policymakers. 


Introduction 


Research universities are usually seen as the place of the highest level of 
learning and home of cutting-edge science and innovation (Altbach 2011). 
They have been successful in training professionals and researchers 
and in establishing a sustainable research culture in many fields of knowl- 
edge, as well as providing fertile ground for the birth of new fields. More- 
over, they create and maintain strong infrastructures for carrying out 


research, such as dedicated laboratories or global research networks. 
Along with this, scientific research has become significantly focused and 
successful scientists are often specialists in a highly professionalised 
environment (see Mahr et al. in this volume). This has led to a certain iso- 
lation of universities and research from society at large. Although universi- 
ties are engaged with their local communities, their emphasis on the 
universalist value of science and globalised purview create the impression 
that they are detached from society (Bond & Paterson 2005). Previous 
policy on the integration of universities and society has focused on their 
economic mission — leading to innovations, creating companies and edu- 
cating a knowledge-based workforce (e.g., the Triple Helix model of 
Etzkowitz & Leydesdorff 2000) — while their wider societal mission has 
been somewhat neglected (e.g., Harkavy 2006; Bond & Paterson 2005). 
To counteract these developments, universities have strengthened their 
relationship with civic society, for instance by broadening their science 
communication activities, engaging with schools or becoming sources of 
policy advice. Furthermore, they have launched campaigns such as the ‘dig- 
ital days’ in Switzerland (https://digitaltag.swiss), which inform citizens 
about the digital revolution (see also Smallman in this volume, on responsi- 
ble research). Furthermore, links and collaborations with industry are 
developed. Indeed, a dichotomy between academy and society is unsustain- 
able, as both need each other (see also Mahr et al. in this volume). 
Increasingly, laypeople are engaging in science and research activ- 
ities (for recent overviews, see Haklay 2015; Bonney et al. 2014). There 
are many reasons for this, including the rise of societal concerns (such 
as climate change and demographic ageing), novel research projects that 
need a large number of participants and a certain mistrust of academic 
(official) research. Public participation in research has been further facili- 
tated by the availability of modern communication technologies as well 
as the increased level of education across society (Haklay in this volume). 
For universities, this rising interest and involvement of citizens in sci- 
entific activities should be viewed as a boon, despite some critical voices 
(e.g., Editorial 2015). It allows universities both to expand their research 
into new areas, and to strengthen their ties with society. Involving a large 
number of motivated people allows the investigation of problems previ- 
ously beyond the means of a single researcher or a limited number of 
researchers. Involving citizens in research also makes it more compelling 
and acceptable to the public, thereby strengthening the position of uni- 
versities in society (see also Hecker et al. Innovation’ in this volume). 
The involvement of lay people challenges established ways of doing 
academic research as well as the self-image of universities and their role 
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within society. This requires new ways to properly and productively man- 
age large and diverse groups of people with different levels of knowledge 
and access to necessary tools. There might also be legal and ethical ques- 
tions that need to be taken up. This chapter addresses these issues based 
on a citizen science initiative of the League of European Research Univer- 
sities (LERU) (League of European Research Universities 2016). 


Citizen Science and universities 


Many amateur scientists have contributed significantly to science over the 
years (Cooper 2016), notably in astronomy, archaeology, linguistics, zool- 
ogy or botany. They were usually linked to universities and research 
institutions, as was the case with Charles Darwin. As the complexity and 
specialisation of science increased, opportunities for citizens without pro- 
fessional credentials to participate decreased, especially in the second 
part of the last century (Mahr et al. this volume). In recent decades, there 
has been a revival of citizen science activities, often outside universities. 
Indeed, citizen science activities are initiated and organised in many ways. 
For citizens and policymakers there is an increased need to find answers 
to great societal challenges such as environmental pollution, declining 
biodiversity or ageing. The growth in citizen science has been made 
possible by the rise of information technologies like the internet and 
smartphones (see Mazumdar et al. in this volume; Schroer et al. in this 
volume), open source software, digital fabrication technologies, online 
social network platforms and science ‘kits’ making science available to 
many people (see Volten et al.; Ceccaroni & Piera, both in this volume). 
There are also co-ordination efforts, with influential associations (e.g., 
Citizen Science Association [CSA] in the United States, European Citi- 
zen Science Association [ECSA], Australian Citizen Science Association 
[ACSA]) promoting best practice and knowledge sharing between prac- 
titioners and projects. 

In view of these developments, universities need to find their own 
position, both to maintain their strong and recognised position in 
research, and to further the integration of science and society. Universi- 
ties can also benefit from positive impacts on their research, teaching 
and even access to (financial) resources. 


1. Opportunities to increase the breadth and strength of research. 


Citizen science projects substantially expand a university’s research 
scope. Furthermore, involving citizens may mean results are higher 
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quality and more relevant to the research questions (e.g., Watson & 
Floridi 2016). This applies to projects which need skills beyond 
simple machine learning, or health projects where the citizens are 
themselves both the subjects and researchers. In these contexts, 
citizens provide essential knowledge to a project, enhancing its rel- 
evance. 

. Teaching and student motivation. Through participation in citizen 
science activities, students feel more engaged in their learning by 
participating in genuine scientific investigations where they are 
contributing to world knowledge (e.g., Oberhauser & LeBuhn 2012; 
Harlin et al. in this volume). 

. Bridging the gap to society. Increased university involvement in 
society means research can be tuned to local needs, thus integrating 
better with its community, addressing the gap between the univer- 
salist mission of universities and their obligations to the community 
within which they reside (Bond & Paterson 2005). This contributes 
to a science- and education-friendly environment, and comple- 
ments other efforts for an informed society (see Edwards et al. in 
this volume). Through citizen science activities, universities can 
strengthen bonds with their localities, local communities, schools 
and local governments. 

. New funding and resources. Experience shows that citizen sci- 
ence projects open up new sources of potential funding to univer- 
sities (Silvertown 2009), for instance because many funders and 
charitable foundations are interested in contributing to projects 
that benefit society or promote public engagement with science. In 
some cases, one may consider crowdfunding to further engage the 
public as research stakeholders although crowdfunding should be 
seen as a way to reach out and engage stakeholders more than as 
a mechanism to raise funding. Such projects can also bring new 
resources, as in the practice of volunteer computing in which 
people volunteer their unused computing resources or even build 
specialised computing devices to assist scientists and provide sci- 
entists with access to significant computing abilities (Cooper 2016; 
Curtis 2015). 


Citizens can participate in university research at different levels. As 


in other citizen science activities, they often act as data collectors and 
more recently, also due to advances in software technology, as data ana- 
lysts. Truly participatory projects can be even more rewarding as citizens 
are involved at all levels, from planning the research goals to analysing 
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and communicating the results, such that projects benefit from the breadth 
of participants’ knowledge, skills and enthusiasm (see also Novak et al. 
in this volume; Gold & Ochu in this volume). With many European socie- 
ties passing the 40 per cent mark in terms of securing tertiary education 
(see also Haklay in this volume), the exchange between universities and 
citizens becomes easier and the potential pool of participants with an 
interest in specialised topics of science increases. 


Universities’ unique role in citizen science 


Universities can benefit fundamentally from citizen science but including 
universities in citizen science activities also brings major advantages 
to citizen science projects and other stakeholders: Universities can sup- 
port citizen science activities by using their assets, which include access to 
high-quality professional and research skills (see Volten et al. in this vol- 
ume), existing infrastructure (including citizen science platforms), and 
interdisciplinary networks and collaboration. 


1. Professional infrastructure: Research at universities can rely on 
existing well-developed state-of-the-art infrastructure such as com- 
puter facilities and well-equipped libraries, with knowledgeable 
staff that can assist with the interaction with the public, and in cura- 
tion of data that emerges from citizen science activities in an open 
way that allows for public access. 

2. Professional knowledge: Universities have experts in diverse 
fields who can provide essential support in statistics, computer 
science, legal and ethical knowledge, quality assessment, commu- 
nication activities and more, which may yield higher quality and 
more trustworthy results. 

3. Teaching facilities and students: Universities as teaching institu- 
tions can help instruct participants in research practice; and can 
bring large numbers of students to participatory science projects. 

4. Sustainable teaching: Including citizen science in their teaching 
means that universities can educate their students to have a life- 
long understanding of science and scientific decision-making, includ- 
ing engagement with research (see also Edwards et al. in this 
volume on the concept of science capital). 

5. Funding opportunities: Universities have well established fund- 
ing channels and networks that they can put to use for citizen sci- 
ence projects. 
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6. Education of teachers: Teachers have a critical role in public accept- 
ance of research and the scientific method. Including citizen science 
as part of university-based teacher training courses supports teach- 
ers in raising awareness of science and encouraging pupils to engage 
in such projects (see Makuch & Aczel in this volume). 


Projects at universities 


There are general advantages of university participation in citizen science, 
but there are also particular types of citizen science projects that benefit 
from strong relationships with research universities. 


1. Large and complex data: Projects where large and complex data- 
sets are necessary, for example in sociology, astronomy or biodiver- 
sity, where standard existing automated data analysis tools may 
not reveal aspects that humans can perceive. Related to these are 
studies in which the data generated by individual citizens play a key 
role, for example in health-related studies requiring participants to 
regularly record their own biomarkers or behaviour. 

2. High-end technology: Designing and developing sensors or soft- 
ware relies on the high technical and computing skills available at 
universities (see also Schroer et al. in this volume about the role of 
expert facilitators). The international ties of universities further 
enlarge the potential for accessing appropriate expertise. Universi- 
ties also have an established tradition of archiving and in-depth 
research of past advances, allowing new projects to be grounded 
in, and expand on, available knowledge. 

3. International collaborations: Universities are ideal for research 
over large geographical areas requiring distributed observations to 
provide evidence, for example about the movement of a species, 
the evolution of natural phenomenon or the impact of diseases. 
Relatedly, this also applies to studies that rely on the specialist 
knowledge and experience of many individuals, such as in linguis- 
tic studies on the distribution and history of languages. 

4. Interdisciplinarity: Since research universities provide expertise 
in many areas, they can support interdisciplinary research pro- 
jects. This is a particular strength for citizen science projects where 
diversity is natural to groups of citizens. 

5. Highest standards: Finally, universities are well suited to projects 
intended to form the basis for far reaching, important (political) 
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decisions, which therefore require the highest standards of quality 
or research, including when it comes to ethical and legal considera- 
tions (see Shirk & Bonney; Nascimento et al., both in this volume). 
Here, the social position of universities and their internal procedures 
and structures are particularly valuable. 


Below, this section turns to a few (well-known) citizen science pro- 


jects where the connection to academia proved important for success and 
impact. 


1. FoldIt (FoldIt 2017): The scientific goal of the project FoldIt is to 


decipher and understand the structure of proteins. Knowing a pro- 
tein’s structure is the basis to understanding how it works and how 
it can be targeted with drugs. FoldIt transforms scientific ques- 
tions into games and was developed by highly skilled computer 
scientists at the University of Washington. This implies a strong 
interdisciplinary collaboration between biologists, computer scien- 
tists and others. By playing the FoldIt game, citizens reveal the pro- 
tein’s form. One of the best known outcomes from this project was 
resolving the structure of a protein which plays a key role in the 
growth of HIV (Khatib et al. 2011). 


. Zooniverse (Zooniverse 2017): Zooniverse is a large platform that 


supports citizen science projects in several areas and which grew 
out of the project Galaxy Zoo (Galaxy Zoo 2017) at Oxford Univer- 
sity. Through the combined work of professional scientists, engi- 
neers, science funders and large institutions, the Sloan Digital Sky 
Survey and others have collected a huge number of photographs 
of galaxies. To analyse them, many citizens worked on the images, 
which brought new understanding of the factors that determine the 
formation and growth of galaxies. Among other findings, it has led 
to the surprising discovery of an unusual luminous gaseous struc- 
ture called Hanny’s object (Cox et al. 2015). Before its discovery by 
Dutch teacher Hanny van Arkel, it was unknown. 


. CASE (CASE 2017). The Centre for Ageing and Supportive Envi- 


ronments is an interdisciplinary centre for participatory research 
on ageing and health in Lund. It brings together researchers from 
medicine, engineering and social science with elderly citizens to 
develop concepts for healthy ageing. The established research team 
of Lund University has been able to attract considerable funding 
from the Swedish Research Council for Health. Collaboration 
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between three departments in the university means the research is 
interdisciplinary in nature, and it also involves extensive interna- 
tional collaborations and a graduate school which trains future 
experts on healthy ageing. This project also benefits from the ethi- 
cal and legal support available in universities and which is particu- 
larly important in research on topics of this kind. Citizens have 
participated from the beginning of the project, for example, by iden- 
tifying the priorities, helping design the project and more. 

4. CLRP (Chintang Language Research Program) is focused on lin- 
guistics and aims to support the in-depth analysis of Chintang, a 
language of the Kiranti subgroup of Sino-Tibetan spoken in East- 
ern Nepal (CLRP 2017). The grammar, lexicon and language use 
are to be documented, but an additional major goal is to analyse 
how children learn the language. This programme is one of few to 
document the acquisition of an endangered language in a remote 
area by focusing on the natural development of children, without 
restricting children’s conversation partners as is usual for most 
longitudinal studies in advanced industrialised societies. CLRP is 
a collaboration between the Psycholinguistics Laboratory of the 
University of Zurich and institutions in Nepal. The project requires 
the international ties and background in language acquisition 
studies available at the university. The intensive exchange and 
collaboration with native speakers makes this project highly par- 
ticipatory. 


Nine challenges for universities 


Contemporary citizen science activities have been running at universities 
for several years. To date, these are mostly scattered projects connected 
to individual scientists, which make up a small part of universities’ total 
research effort and where citizen participation is often limited to provid- 
ing and generating data. The trends towards open science, promoting 
stronger citizen participation and strengthening universities relationship 
with society, however, demand a more concentrated effort. Indeed, some 
universities are attempting to expand citizen science activities, including 
by initiating larger projects, often together with other institutions, and 
establishing platforms for citizen science. In some fields, such as health 
research or linguistics, the focus of research itself may shift to issues that 
require strong citizen participation. 
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Nevertheless, citizen science projects often meet with scepticism 
from established researchers who voice a series of concerns. These include 
doubts about the quality of the research (Editorial 2015), questions on 
ethical and legal aspects, and concerns about the degree of citizen par- 
ticipation and influence over the project. Researchers may fear that estab- 
lished research projects that do not include citizens could be curtailed to 
satisfy calls for citizen science. There are concerns about how to assess the 
quality and impact of citizen science projects and whether the established 
criteria are fit for purpose. In addition, funding organisations may lack 
appropriate mechanisms to support such projects, which may make them 
less attractive for researchers; as a result, citizen science is often funded 
by private organisations or political bodies, or viewed as part of public 
engagement in science and not as part of the main body of research (com- 
pare with Sforzi et al. in this volume about how museums are using citi- 
zen science). 

There are therefore a number of challenges and corresponding 
requirements for citizen science projects at universities (see also ECSA 
2015, ECSA Ten Principles of Citizen Science). While some of these may 
apply to citizen science more generally, the challenges are particularly 
strong at universities, which are embedded in a tight network of evalua- 
tions, competition and observation. 


1. Reaching an adequate share of citizen science projects 


In adopting more citizen science projects, universities must work towards 
a reasonable balance between highly successful traditional research prac- 
tices and citizen science projects. If citizen science is to enjoy the accept- 
ance of the academic community and funding agencies, universities need 
to ensure that citizen science projects conform to the usual academic 
standards. Universities need to set up appropriate infrastructures and 
build personnel capacities for such projects (see Richter et al. in this vol- 
ume); furthermore, citizens and university members need to be made 
aware of the opportunities for citizen science and its potential, in particular 
for interdisciplinary research. 


2. Maintaining quality and impact 


Research at universities must satisfy high standards of quality. This is usu- 
ally assured by peer review, careful handling of data and evaluation cri- 
teria. Citizen science projects are no exception and must undergo the same 
scrutiny as other projects (see Kieslinger et al. in this volume). Where 
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existing evaluation tools are incomplete, the academic community should 
provide tools in agreement with established procedures. While studies 
have shown that properly collected citizen science data are not inferior to 
those collected by experts (e.g., Danielsen et al., ‘A Multicountry Assess- 
ment’, 2014), the large variability of citizen science data may require spe- 
cial attention, above all in cases where statistical validation by standard 
sampling techniques may not be an option. Concerning impact — usually 
weighted by publications — broader metrics should be considered, keep- 
ing with emerging standards of open science (San Francisco Declaration 
on Research Assessment [DORA 2012]). 


3. Improve openness and transparency 


Citizen science can be viewed as part of the open science movement, which 
includes open access to publication, open source software and open data 
standards. In fact, recent EU policy (European Commission 2016c), which 
strongly supports open science practices, highlights also citizen science. 
Obviously, citizen science projects are greatly enhanced by open science 
practice. Therefore, institutions and their researchers running citizen sci- 
ence projects should be encouraged to adhere to open practices. Further- 
more, full transparency of the research objectives, research protocol and 
analysis techniques ensure the trust of participating citizens and the full 
documentation of the quality and reproducibility of results (see also 
Williams et al. in this volume). 


4. Strengthening learning and creativity 


Ideally, citizen science projects are designed to enable the public to learn 
about science through active participation as well as to develop their tal- 
ents, creativity, skills and responsibilities. This requires pedagogical and 
presentational skills. Developing adequate pedagogical content, such as 
courses on citizen science, should be planned when designing citizen sci- 
ence projects (see Harlin et al. in this volume). 


5. Optimising organisation, communication 

and sustainability 

Governance issues are important for success, especially for larger and 
more complex projects which are designed to be long running (e.g., long- 


term ecological monitoring). The diversity of the participants’ qualifi- 
cations and the typical shorter term presence of graduate students or 
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postdocs at universities pose special challenges. Health science projects, 
which involve many stakeholders including health services providers, 
require steering groups and may necessitate ethical reviews. In many 
cases, a dedicated community manager with long-term employment may 
be needed. There is also a need to establish online forums and monitor 
their content, encourage and publish blogs by scientists, organise periodic 
electronic chats and face-to-face video discussions to allow participants 
to ask questions and voice concerns about a project and to avoid negative 
phenomena, such as online harassment. 


6. Establish suitable credits and rewards 


Properly acknowledging and rewarding participant contributions is impor- 
tant; there are many options depending on the level and intensity of citi- 
zen participation, from internal letters of recognition and motivational 
rewards to an acknowledgement in a scientific publication or naming of a 
discovery. In all cases, permission should be sought before releasing names 
or private information about participating citizen scientists. 


7. Increasing funding for citizen science projects 


Citizen science projects can be difficult to fund as they are not always 
accepted as scientifically sound and there may be a perceived absence of 
‘star-appeal’ (can one get a Nobel Prize for a citizen science project?). 
Other difficulties include the fact that citizen science research often 
involves long-term monitoring, in contrast to the more project-oriented 
research at universities, which makes comparison difficult. In this situa- 
tion, it is important to extend rules of funding, both inside universities and 
in funding agencies, to include citizen science activities and thus provide 
equal opportunities. One important basis for this is establishing a visible 
citizen science entry point at universities (League of European Research 
Universities 2016). An example is the new centre for citizen science in 
Zurich where the University of Zurich and the Eidgenössische Technische 
Hochschule Ztirich (ETH) are funding rooms and collaborators to sup- 
port citizen science projects and at the same time develop answers to the 
nine challenges listed here, such as the necessary ethical and legal rules. 


8. Developing ethical and legal procedures 


Involving citizens in research projects raises ethical and privacy issues 
not present in purely academic projects where the researchers are mem- 
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bers of the institution that oversees the projects. Both professional and 
citizen scientists have certain rights and obligations within the project. 
They may include issues such as ownership of data gathered or ana- 
lysed by citizen scientists and intellectual property produced (see also 
Williams et al. in this volume). A written code of conduct should ensure 
that all parties are aware of their rights and should define appropriate 
procedures to handle disputes. The legal status of participants in citizen 
science projects and of the generated knowledge may require special 
attention. 


9. Balance between society and researchers 


A broader issue is the balance between greater public participation in the 
research process and the interests of individual researchers. A consent- 
based approach is suggested so that, where relevant, researchers may 
introduce ways for citizens to participate in the operational phases of a 
research project. Particular care applies to health-related research where 
the citizens may act as researchers and test persons at the same time and 
may share personal health-related data collected before the start of a 
study. In this situation, adequate informed consent must be sought and 
researchers should provide clear terms and conditions to participating 
citizen scientists, consistent with both open science and personal privacy 
requirements. Where useful to the project, citizens may be involved in 
decision-making aspects. Where appropriate, they should retain control 
over personal data they have shared, including beyond the end of the 
project. 

These considerations may not be exhaustive, but they provide 
actionable advice based on experience from existing citizen science pro- 
jects and are based on recent trends in the organisation of citizen science 
projects. As the interaction between humans and computer changes (for 
example in progress in machine learning), citizen science projects will 
evolve in their methodology. Therefore best practice should be continu- 
ously reassessed in the light of technological advances and societal 
change. This also requires universities, funders and policymakers work- 
ing together with citizens. Table 11.1 makes some recommendations 
for each stakeholder intended to guide their engagement with citizen 
science. 


INTEGRATING CITIZEN SCIENCE INTO UNIVERSITY 


179 


“OTOZ SOMISIOATUL) YoIvasoy UeodoIng zo on8eeq :oo1n0g 


‘a[qeUTeISNS SI IDUS 
UƏZND JEY} aINsus 0} SUON 
-esTue3i10 [e]USWIUIeA03-U0U 
pue SaTIsIoAIUN YoIeaso1 
UsaMjeq UOT}e1Oge[OD 
UL19]-3UOT oseInoUy 
‘a[qissod jt suazij1d JO 
uonedpnied sanonpoid a8e 
-InodUs pure UJS UIZI}ID 
UT ase ey} sonsst Adeatid 
PUP [RIDIOWIUIOD Lry TL3 
10} SOUT[EpIns 1eəp dojsasq 


‘SUOTINITNSUT 

IYUS Aq pastusodal ‘sors 
-O[OpoyJeUl paseq-ad.UaplAa 
asn sjoafoid əmsuə djəy pue 
JUSS UIZIID Jo ÁPfıqeə 
a} ƏJENJLAƏ 0} SƏPNIS 
yuəpuədəpur aseinosuy 


‘[o1UOD gyep TeUOsied se Yons ‘smej 
SUNSIXƏ 0} ZUIPIODDL AdeALId gyep 
10} ETI TedTYJa pue [esa] ead 19S 


‘ƏTeMIJOS 9D1NOS 

uado jo asn ay} 10 sprepue}s elep 
uado ‘uoneorqnd ssə222e-uədo se yons 
‘sjoafoid ƏJUƏÐS UƏZND UI saotOeId 
douatds uado jo asn at} NOWOId 


‘IDUIS 

UƏZHN JO INSHƏPLILYI SsUOUNJ 
ypeəsə1-uou 19470 pue zuəwudoJəsəp 
uopejd Jusweseuew Ayuno 
Joy 8urpunj ayenbape sinsus ‘spəford 
doUSIDS UZIO SUNeNTRAS UYM 


‘Atenb dyWUeTIIs 

JO soInseoul [PUOTIPeI o} pouty 
Jou Inq Surpnput ‘spəford UAS 
uəzy SunIoddns UJYM EMI 
SSƏDNS JO 98ULI ƏPIM VL JSTUZOIOY 


‘uoTeInd 
pue JUsWeseUeU eJep UI SUNSISSE PUR SINTAL DUAS USZDID Susoddns 
UI ‘SOMISIOATUN UJ SdTTeII] YoIeIsaI JO UOIsstul 8uTDeJ-oT[Gnd əy} oddng 


‘uonedionied uzy 8ulssasse Jo sem dojeAep pue ‘sspəford aduatDs UNP 
[hyssadons se yons Pedu [eJo1D0s ysy e YIM spəford əs əpey ued 
JY) VLU Əpnpur 0} swəJsÁs uonemdə pue uonenes yoIeasal jdepy 


‘asodind sty} 10} ƏJApeL [euOTssajoid 0} sS BAY 
pue ‘pPəford IUS UZNI UALS L JO adods JYI 0} JULAJJƏI SUOTIE[NSII 
Adeatid pue [es9] Try yam Adwo» syuednpnred pəford yey) oinsuy 


{s]JaUaq TeIPPOS JO IJMUSTS W19}-8UOT YIM sPəƏfoId 
Yoieasal 19470 YIM JUH UT ‘satIo}sodai eyep j10ddns pue yst[qeisyq 


{SOINJON.ISEIJUL O} JUUITUWIUWIOD W1I34-3UOJ 
əpnpur spəford əs USZIID 107 Satpoq Surpuny 0} spesodoid yey) sinsuy 


‘SOnsst 

satorjod AjISIaAIp [e1ouss pue [PUOTIeJOUSZIOIUI Jenos pue sprepueys 
IUMƏS Uado ‘saotjoeId [eoIs08eped JuaweseueU AWUNUIWIOD SUIPNpUT 
‘DUS UIZND [NJSSIIMNS 10} VMI JO SSOUSIEME JaYIIVISaI ƏSTEY 


‘IDUIS 
UƏZNI Ul pƏS19JU! SIƏYJILƏSƏ OJ SIMWLIZOId SUTUTeI] B[GeIINs ƏPMOId 


{SOATJLTUL IDUS UIZIID [RUOIZaI puke jeuoneu 

YIM UOSTeT] IINSUS PUP S]STIUSTIS ƏSTAPL 07 “UOTINITSUI IYI UTYILM PUAS 
UƏZHD 10} UOTUIPIO-Od puke JOeIUOD jo JuIOd a[sUIs e JUNLI IƏPISUOD 
‘syoafoid əJUƏNsS UdZHID NO ALD 0} 

pəpəəu JIM sani dojaaaq 'SIYƏUəƏq TeuoeoNpes pur ePOS SulARY se 
[EM se ‘spoyJoUl YdIeasaI Jo Jas BUTATOAD UL Se IDUDIIS UIZTID sTUsODDY 


SIayeUATT[Og 


SIəpuna 


SƏQISIƏAUN 


sreyeutAatod pue stopuny ‘sorqisIoatun 0} SUOTBPUVUIWIODOY = T° TT AQEL 


Conclusion and outlook 


This chapter is concerned with the contribution of citizen science meth- 
ods to research at universities. It argues that universities should adopt citi- 
zen science as part of the movement to open science practices, which in 
turn can enrich and enlarge the research scope of universities to previously 
inaccessible areas. Universities face a number of challenges in engaging 
with citizen science projects, which can be addressed with corresponding 
project planning. This can be further facilitated by funders and policymak- 
ers, so that universities can progress towards citizen science becoming 
part of their regular academic research activities, making them eligible 
for regular funding. While citizen science is important for communities 
and policy, exploiting its full potential rests on the accumulated and estab- 
lished scientific knowledge at research institutions like universities, where 
the future generation of researchers are also educated. 
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Introduction 


Public engagement and direct contribution to scientific activities in China 
are limited. Recently, advances in low-cost sensors (Volten et al. in this vol- 
ume) and information technologies (Novak et al. in this volume), as well 
as an increase in the level of education across the population (Haklay in 
this volume), mean that more citizens have become involved in citizen 
science projects. This set of case studies demonstrates that China is wit- 
nessing activities across the spectrum of citizen science — from bird 
watching to air quality monitoring and from biological observations to 
volunteer computing. 


Bird watching 


Bird watching is a popular activity in China as in other countries. Nowa- 
days, about 24 bird watching societies have been founded, forming a net- 
work across the Chinese mainland. Participants can find their contact 
information via a website (http://www.chinabirdnet.org/network.html), 
which provides details on local programmes. 

These societies have proposed targeted bird watching projects, 
such as the China Coastal Waterbird Census, initiated by The Hong Kong 
Bird Watching Society (HKBWS) in September 2005. In this project, par- 
ticipants conduct monthly surveys of 12 permanent and 3 irregular sites 
along the eastern coast of the Chinese mainland to study the distribution, 


185 


186 


migration and seasonal changes of waterbirds and contribute to the 
conservation of China’s biodiversity and Important Bird Areas (HKBWS 
2015, ii). 

Participants can use either use Birdtalker (an online record submis- 
sion system), email or regular mail to submit their records (see Mazum- 
dar et al. on multiple methods). 

The China Ornithological Society (COS) collects, compiles and 
reviews bird watchers’ observations and publishes the annual China Bird 
Report in Chinese and English. The China Bird Watching Database has also 
been established based on the China Bird Report (2003-2007). Over five 
years, the database compiled 30,936 records covering 1,078 species, rep- 
resenting more than 80 per cent of all bird species in China, which reveal 
bird distribution and changes (Li, X. et al. 2013, 649). 


Plant classification 


The Institute of Botany, Chinese Academy of Sciences, established a plant 
classification programme with citizens’ help in 2007. Participants take 
photographs of plants and upload them to Chinese Field Herbarium (CFH) 
(http://www.cfh.ac.cn), a plant information collection and classification 
platform (Zhang et al. 2013, 747). There were over 10,000 registered 
users and more than eight million plant photographs, including one mil- 
lion with a GPS location, as of May 2017. More than five million photo- 
graphs had already been identified and classified by this time (CFH 2017). 


Air quality monitoring 


FLOAT Beijing was a community-driven air quality monitoring project 
developed in 2012 using air-quality sensors and kites. The project found- 
ers held workshops with Beijing residents to demonstrate to them how to 
build the sensors. In addition, open online tutorials allowed more people 
to become involved. 

The colour of an LED on the kites changes with the air quality con- 
dition. The kite sensors are based on the Carnegie Mellon Air Quality 
Balloons project (Maly 2012), which used Figaro’s volatile organic com- 
pounds sensor (TGS 2620) and diesel/exhaust sensor (TGS 2201) 
(Kuznetsov et al. 2011). The minimum detection of TGS 2620 is 50 parts 
per million (ppm). The minimum carbon monoxide (CO) and nitrogen 
dioxide (NO,) detection of TGS 2201 is 1 ppm and 0.1 ppm, respectively. 
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While China’s ambient air quality standards (GB 3095-2012) shows that 
the limit of average concentration in one hour of CO and NO, is about 
8.73 ppm and 0.11 ppm based on 25°C and 1 atmosphere, respectively, 
which means TGS 2620 cannot be used to monitor the CO and it would 
be difficult to monitor NO, with TGS 2201. Although TGS 2201 can be 
used to monitor the CO, its accuracy should be observed closely because 
this semiconductor sensor is designed for automobile ventilation control 
and also easily affected by air temperature and humidity due to its 
materials. 


Water quality monitoring 


Xiangjiang Watcher is a citizen science project initiated by Green Hunan, 
an environmental nongovernmental organisation (NGO) in China. The 
project engages participants to monitor the water quality in the Xiang 
River Watershed, Hunan Province. It has attracted more than 60 partici- 
pants from 23 local cities and counties along the river, including indus- 
trial workers, farmers, students, professors and public officials. Participants 
periodically conduct basic tests of water quality at the monitoring sites, 
record any environmental changes in the watershed, photograph compa- 
nies that are secretly discharging pollution into the river and advocate for 
solutions to the pollution (Yan 2012). 

Using Weibo (the largest social network in China) means that par- 
ticipants can disseminate the pollution information on the internet, which 
has brought the issue to the attention of the environmental protection 
department and put pressure on the polluting companies. Participants 
hope to reduce pollution by using information technology for advocacy. 


Computing for Clean Water 


Computing for Clean Water (C4CW) is a scientific computation project 
launched by Chinese scientists in 2010, in collaboration with the Citizen 
Cyberscience Centre in Geneva. Participants can contribute their comput- 
ing power to the project using desktop client software supported by IBM’s 
World Community Grid (https://www.worldcommunitygrid.org/). 
Researchers at Beijing’s Tsinghua University use computing power 
from more than 50,000 participants to extend simulations to probe 
flow rates of just a few centimetres per second, significantly reducing 
computing time. This increased computing power enabled the study of 
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the characteristics and working conditions of real nanotube-based filters 
(Ma et al. 2011, 1), which is useful for designing better low-cost, low- 
pressure water filters and making water purification cheaper and more 
accessible (Drollette 2012). 


Soundscape evaluation 


Participatory soundscape sensing (PSS) is an ongoing, worldwide sound- 
scape investigation and evaluation project, initiated by the Research 
Center of Digital Urban Environmental Network at the Institute of 
Urban Environment, Chinese Academy of Sciences. The project col- 
lects soundscape data with the help of public participation and mobile 
phones equipped with SPL Meter software (see: http://www.citi-sense.cn 
/download). 

The first version of PSS was launched in 2011 (Li, C. et al. 2013, 262) 
and collected little information, such as sound pressure level, sound fre- 
quency, GPS location and subjective feeling. The latest version was 
updated in March 2016 and has more useful functions, such as land use 
and sound source identification, soundscape evaluation (subjective 
evaluation of sound level, sound comfort level and sound harmony char- 
acteristics), online data analysis and visualisation (figure 12.1). The data 
collected supports the analysis of the temporal-spatial characteristics of 
soundscape, offers a high-quality evaluation model and facilitates the opti- 
misation of urban sound environment policy. 
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The increased importance of open science in the European Commission 
research policy makes it important to understand and analyse the devel- 
opment of the field. The Open Science Monitor of the European Commis- 
sion is being developed to meet this need (European Commission 2017). In 
2016, the authors conducted the first large-scale explorative survey of 
the European citizen science landscape to help establish a baseline for the 
monitor. 

The survey focused on five major areas of interest, including the 
types of citizen science projects being undertaken, their perceived impact 
and added value, challenges, current funding schemes for citizen science, 
and project outcomes. Data was collected through an online survey in 
October and November 2016, predominantly with closed question formats 
to facilitate participant response and to cover as many projects as possi- 
ble. This provided reliable and quantifiable basic information about dif- 
ferent citizen science projects across Europe. The data is available upon 
request. This snapshot covers the main findings. 


Geographical scale of projects 


The survey attracted responses from 174 co-ordinators of citizen science 
projects. Most of the respondents are either from Central (40 per cent) or 
Western Europe (32 per cent), with only a few respondents from Southern 


(16 per cent), Northern (10 per cent) or Eastern (1 per cent) Europe (see 
figure 13.1). Major activities across Europe were recorded from the UK, 
Germany and Austria, which may also reflect the fact that, at the time of 
the survey, the citizen science communities in these countries were most 
connected and thus the survey might have gained more traction here. 

In terms of the scale of the projects, many initiatives cross local and 
even national boundaries. Most of the projects are at the national (41 per 
cent) or global (19 per cent) level. A smaller number of projects is being 
carried out at the regional (14 per cent) or European (12 per cent) level. 


Project focus and leadership 


The disciplines of the projects range from archaeology and engineering 
to zoology. However, there is a clear focus on projects within the life sci- 
ences (76 per cent) including ecology, environmental sciences and biol- 
ogy (see figure 13.2). This is in line with Kullenberg and Kasperowski’s 
(2016) meta-analysis of citizen science studies, which also found environ- 
mental sciences and ecology to be at the forefront of citizen science research 
(see also Owen & Parker in this volume). Almost half of the surveyed 
projects are coordinated by a scientific organisation (45 per cent), fol- 
lowed by educational organisations (14 per cent) and non-governmental 
organisations (11 per cent). 


Level of engagement 


More than two-thirds of the projects are contributory or collaborative (see 
figure 13.3; the categories are based on those developed by Shirk et al. 
2012 - see table 13.1; see also Haklay; Novak et al. both in this volume). 
Thus, most citizens are mainly involved in data collection and sometimes 
in the project design or data analysis. 

Regarding the length of the projects and involvement of participants, 
more than 40 per cent of the projects involve citizens continuously dur- 
ing the research process (see figure 13.4), which may last several years. 

The number of people engaged in citizen science projects varies 
widely. The average number of citizens engaged continuously, over a long 
period, is about 1,800, while the number of those who engage occasion- 
ally averages at about 7,900 per project. It is estimated that at least 1.2 
million people participated once (or more) across the 174 projects sam- 
pled in the survey. 
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Fig. 13.1 Distribution of projects from the European Citizen Science 
Survey 2017 
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Fig. 13.2 Primary discipline of citizen science projects 


Outputs and funding 


The most common outputs of the projects are contributions to media (78 
per cent of projects; see Hecker et al. ‘Stories’ in this volume), social 
media (72 per cent), conferences (72 per cent) and publications of the 
data (71 per cent) (see figure 13.5). Other common outputs include articles 
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Fig. 13.3 Level of engagement in European citizen science projects 
(according to Shirk et al. 2012) 


Table 13.1 Different types of participant engagement 


Contributory Scientists generally design projects to which members of 
the public primarily contribute data. 


Collaborative Scientists generally design projects to which members of 
the public contribute data but also help to refine project 
design, analyse data and/or disseminate findings. 


Co-created Scientists and members of the public work together and 
participants are actively involved in most or all aspects of 
the research process. 


Collegiate Citizens run projects with no professional scientist 
involvement. 
Contractual Communities ask professional researchers to conduct a 


specific investigation for them and report on the results. 


Source: Shirk et al. 2012 


in publicly accessible journals (61 per cent), public events (53 per cent), 
reports for participants (52 per cent) and teaching materials (48 per 
cent). Less common are contributions to newsletters (40 per cent), pol- 
icy briefs (22 per cent) and articles in non-public journals (21 per cent) 
or guidebooks (15 per cent). 

Around 25 per cent of the projects receive either no funding or less 
than €10,000 funding (see figure 13.6). Many projects (43 per cent) 
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Fig. 13.4 Citizens’ involvement within citizen science projects 
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Fig. 13.5 Outputs of citizen science projects 


receive between €10.000 and €250,000 in funding; while approximately 
a third (31.8 per cent) of the projects receive substantial funding of over 
€250.000, with 14 per cent receiving more than €1,000,000. Overall, 
most of the funding is from national research funds, nongovernmental 
organisations or EU research funds. Projects often have several sources 
of funding. 
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Fig. 13.6 Funding received by citizen science projects 


Fewer than half of the respondents (38 per cent) agree (fully or 
partly) that the amount of initial funding is appropriate; only a minority 
of project co-ordinators (15 per cent) agree that the amount of long-term 
funding is appropriate. 


Challenges and added value 


When asked about challenges in citizen science, a clear majority of the 
respondents highlighted insufficient funding (75 per cent) and concerns 
over data quality (70 per cent) (see figure 13.7; and see also Williams et al. 
in this volume on data quality). In addition, there were concerns about 
the recognition of citizen science in co-ordinators’ professional fields, with 
a lack of appreciation in academia (60 per cent of respondents) and of 
integration in education (68 per cent) the most pressing. The fact that citi- 
zen science projects are time consuming (65 per cent) was also considered 
a challenge. 

The main added value for the majority of the respondents is the gen- 
eration of large datasets (75 per cent). Around half of the respondents 
also value citizens providing expertise (47 per cent). Respondents strongly 
disagreed that citizen science saves time (84 per cent) or money (76 per 
cent) (See also Danielsen et al. in this volume). Seventy per cent of the 
respondents do not think that citizen science raises new research ques- 
tions and only 30 per cent think that it produces knowledge other than 
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Fig. 13.7 Challenges for citizen science projects 


scientific data. Slightly less than half of the respondents think that citi- 
zen science makes research more relevant (45 per cent). 

This is slightly offset by the question on impact where respondents 
claim enhanced science-community interaction (77 per cent) and educa- 
tion (75 per cent) as the most important impacts of their citizen science 
projects (see figure 13.8). Enhanced community-policy interaction (40 per 
cent), enhanced science-policy-interaction (49 per cent), perceived behav- 
ioural change (43 per cent) and enhanced evidence (47 per cent) are 
also important perceived impacts. 

Citizen science project leaders were also asked about their percep- 
tion of the policy impact of their projects and where they perceive the 
project to have the most impact in the policy decision-making process. 
Forty-three per cent of the contributors stated that their project had a pol- 
icy impact, whereas 50 per cent said that it currently had no policy impact 
but could have in the future. Only 7 per cent of the respondents did not 
think that their project had an impact or could have impact in the future. 

Overall, respondents saw the possible influence of their project at 
all steps of the policy decision-making process, with the strongest poten- 
tial linked to issue identification and measurement of effectiveness, which 
corresponds to the steps of agenda-setting and policy evaluation in the 
policy cycle (Howlett & Ramesh 2009) (see figure 13.9). 
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Fig. 13.8 Areas of perceived impact of citizen science projects 
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Fig. 13.9 Possible impacts of citizen science projects on policy 
decision-making 


Conclusion 


The survey results show that the European citizen science landscape is 
currently dominated by contributory and collaborative projects that are 
mainly related to the life sciences. Unlike the citizen science landscape in 
the United States or Australia where projects share English as a common 
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language, communication in the citizen science projects in the EU is 
mostly carried out in the respective national language of the home coun- 
try of the projects. Enhancing the interoperability of projects through 
adaptation into different national languages may facilitate greater par- 
ticipation, but these survey results may reflect participants’ preference to 
be involved in national projects. National interfaces for citizen science 
projects may facilitate international contributions and thereby enhance 
scientific results (e.g., the Living Atlas of Australia — Brenton et al. in this 
volume). However, as pointed out by Ballard et al. (in this volume), the 
different spatial scales of projects may serve different purposes with 
respect to scientific and socio-political goals, which may require smaller 
scales of interaction. 

Respondents indicated that only one-fifth of the projects publish 
their results in non-publicly accessible journals while project data was 
published in some form by the majority of projects (72 per cent) and the 
results were communicated at conferences. This may either reflect the 
early stage of many projects or a current lack of capacity to publish scien- 
tifically, since the number of citizen science publications in general is ris- 
ing (Kullenberg & Kasperowski 2016). It may be important to provide 
scientific training suited to citizen science projects as well as avenues to 
make data available for scientific analyses by others, so that they can 
also be published in scientific journals and thereby advance science (see 
Richter et al. in this volume). 

Regarding social innovation, most projects were understood as 
having an impact, although only half of all projects saw their contribu- 
tion as being to policy-making (Haklay 2015). This potential may not yet 
be fully realised by the primarily scientific co-ordinators, while the Euro- 
pean Commission and Environment Protection Agencies view this as an 
important facet of citizen science (Nascimento et al.; and Owen & Parker, 
both in this volume). It will therefore be important to tailor citizen sci- 
ence projects so that they can contribute to ongoing policy processes 
without compromising their creativity. Early interaction with local or 
national agencies may help to develop the project design so that outcomes 
can be useful to promoting innovation in policy. Overall, it will be impor- 
tant to monitor developments in citizen science communities over time, 
and to observe the advances and maturity of the European citizen sci- 
ence landscape. 

If you are interested in the raw data, please feel free to contact the 
authors. 
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Impact, policy and governance 


The participatory engagement of decision-makers, including policymakers, 
is one of the most important components of the planning and development 
of a citizen science initiative (Nascimento et al. in this volume). Meaning- 
ful engagement depends on the ability of the civic educators involved in 
citizen science to build a healthy, lasting and trusting relationship with 
decision-makers and local communities. The approaches developed by 
citizen science initiatives are intended to define and develop this process 
of engagement with decision-makers, often in the domain of environmen- 
tal monitoring (see Owen & Parker in this volume). 


These approaches can be summarised in six steps: 


. Stakeholder mapping; 

. Understanding and engaging decision-makers; 
. Working with decision-makers; 

. Developing a participatory-science approach; 

. Decision-makers acting as advisers; 
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. Developing co-management approaches. 
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When attempting to advance science, foster a broad scientific mentality 
and/or encourage democratic engagement (which allows society to deal 
rationally with complex modern problems; Ceccaroni, Bowser & Brenton 
2017), stakeholder mapping and knowledge of influential actors and 
institutions, including their perspectives and interests, is needed (Sclove 
2010). In particular, technology assessment in citizen science involves 
engaging a group of lay citizens who are representative of the general pop- 
ulation but who (unlike political, academic and industry stakeholders) 
are generally under-represented in technology-related policy-making 
(Tomblin et al. 2015). Much like policymakers for science aspire to culti- 
vate a research enterprise that generates ‘usable’ research in the service 
of complex issues like biodiversity, calls for public engagement with sci- 
ence and technology demand equal attention for processes that articulate 
‘usable public values’ representing not only stakeholders and interest 
groups, but also the knowledge and experience of a diverse public (see 
Smallman in this volume). 

More than a dozen European nations plus the European Parliament 
established their own technology assessment agencies from the mid-1980s 


Government’ 
leader 


Business 


High-school/ Scientist/ 
college engineer 


student 


School 
student 


Fig. 14.1 Understanding and engaging decision-makers and the 
public in their lifecycle. Public engagement with science motivates the 
design of programmes for people in many different roles who make 
choices that help shape socio-technological futures and also influence 
the choices of others. (Source: Worthington et al. 2012) 
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onward. Most remain in operation as vital contributors to science and tech- 
nology policy discourses and developments in their respective countries. 
In addition to strong analytical capacities, these agencies have pioneered 
promising methods for citizen participation (Worthington et al. 2012). 
Designing programmes to engage the public with science involves a re- 
conceptualisation of audiences as not only learners, but as decision- 
makers in society, followed by a commitment to understanding and 
engaging these decision-makers through their lifecycle (figure 14.1; and 
see Edwards et al. in this volume). 


Engaging stakeholders from citizen volunteers 
to decision-makers 


Citizen science begins with practitioners determining the types and level 
of engagement, including what practitioners want to achieve by engag- 
ing decision-makers. Appropriate implementation at this stage should pro- 
vide a solid foundation for moving towards more sophisticated and 
mature levels of engagement with decision-makers. 

Different techniques and tools to develop a participatory-science 
approach are useful at different stages of project development. For exam- 
ple, a scientific advisory board can be involved during the stakeholder 
mapping process (understanding and engaging decision-makers) and 
also during problem identification (see also Haklay; Novak et al. both in 
this volume). It is also crucial to get decision-makers involved from the 
earliest planning stages to (a) get commitment from them and (b) find 
out the different points of entry for using the knowledge produced in 
the decision-making process. At these early stages, it is important to 
focus on building trust and engaging decision-makers. This can be also 
achieved by creating an advisory body of decision-makers or engaging 
in a co-operative management approach, starting when the citizen sci- 
ence co-ordinators are beginning to work with decision-makers. These 
approaches will become even more useful in the later steps of the pro- 
ject’s development. 

Engagement between decision-makers and citizen science practi- 
tioners is expected to evolve and aspires to move decision-makers and 
communities to a point where they will ultimately take some level of 
responsibility for jointly managing the citizen science initiative. Citizen 
science practitioners may have already worked with some of the decision- 
makers, and this can provide a concrete foundation on which to build a 
mature citizen science initiative in terms of decision-makers’ engagement. 
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As the types and levels of decision-makers’ engagement become more 
complex and responsive, so do the monitoring and decision-making tools 
and frameworks required for making multi-stakeholder participatory deci- 
sions. In fact, citizen science projects select the type of engagement they 
want with different stakeholders at different times, so the engagement 
model is not always progressive, but rather provides a range of possibili- 
ties depending on the context. Citizen science projects operate in parallel 
to decision-makers’ and other stakeholders’ activities, and there is often 
a core of primary stakeholders that does not change over time but may, 
at times, include or exclude other stakeholders. 

As others have demonstrated, the identification and integration of 
the major stakeholder groups involved in citizen science — decision-makers; 
educators; developers; volunteers; civil society organisations, informal 
groups and community members; academic and research organisations; 
government agencies and departments; participants, including corporate- 
programme participants; formal learning institutions such as schools; 
and businesses and industry — is important (Mazumdar et al. 2017; Gobel, 
Martin & Ramirez-Andreotta 2016). According to the Citclops European 
project (see below), the main objectives of stakeholder engagement are 
(1) to improve citizens’ understanding of environmental observations 
and monitoring, and (2) to enhance community decision-making and co- 
operative planning. These objectives are usually achieved through the 
use of technology, the organisation of events and the definition of plans 
and actions for public involvement. 


About the Citclops and MONOCLE citizen 
science projects 


The FP7 European Commission-funded project Citclops (Citizens’ Obser- 
vatory for Coast and Ocean Optical Monitoring), which started in 2012, 
is one of the largest citizen science projects worldwide, at a total cost of 
€4,743,458. Citclops introduced an innovative concept for water quality 
monitoring to help oceanographers and limnologists monitor natural 
waters, with a strong focus on long-term data series related to environ- 
mental sciences. In this context, forging connections among citizen sci- 
ence, the appropriate use of supporting tools and technology, and policy 
was key to achieving successful outcomes. 

Citclops developed several new sensor systems based on existing 
optical technologies. These respond to a number of scientific, technical 
and societal objectives, ranging from more precise monitoring of key 
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environmental descriptors of the aquatic environment (water colour, 
transparency and fluorescence) to the improved management of data 
collected with citizen participation and engagement (see also Volten 
et al. in this volume). Requirements have been translated into engineer- 
ing specifications, leading to the development of new solutions based on 
citizen science. Sensors have been tested, calibrated, integrated on sev- 
eral platform types, scientifically validated and demonstrated in the field. 
Cost-efficiency has been improved via the implementation of several 
innovations, such as greater interoperability of sensors and data, and 
multiplatform integration. 

In 2015, co-operation was established between organisations 
involved in Citclops, sailing race organisations, skippers, scientists and 
citizens to ensure continued ocean observations and use of the tools and 
sensors developed by Citclops (rebranded EyeOnWater) after the Euro- 
pean Commission funding period. 

In 2018, the Horizon 2020 European Commission-funded project 
MONOCLE (Multiscale Observation Networks for Optical monitoring of 
Coastal waters, Lakes and Estuaries), at a total cost of €4,999,863, started 
to extend Citclops tools, creating a network of in-situ sensor systems that 
links citizen observations to other types of earth observations. MONOCLE 
innovates and develops technologies related to sensors, platforms and 
data handling, to increase coverage and lower the cost of in-situ sensors 
in inland and coastal water bodies. The ecosystems related to these water 
bodies are particularly vulnerable to direct anthropogenic impacts, and 
they are of high economic importance and crucial to sustainable food, 
energy and clean water supply. At the same time, these water bodies 
represent areas of low performance in present earth observation (EO) 
capability. The MONOCLE system reduces uncertainties in EO by charac- 
terising atmospheric and water optical properties. MONOCLE deploys 
new and improved sensors on autonomous platforms (buoys, ships, 
drones), and further fills information gaps by developing low-cost com- 
plementary solutions for citizen scientists. This provides essential refer- 
ence observations needed to further improve and grow EO-based water 
quality services. MONOCLE is requirement-driven and implemented by 
sensor and platform developers, sensor-data infrastructure experts, EO 
scientists and citizen scientists. Also, a service-oriented data storage, pro- 
cessing and visualisation infrastructure based on open data standards 
will integrate MONOCLE seamlessly with existing platforms. 
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Stakeholder mapping in Citclops 


To guide the development of the project and related technologies, Citclops 
project leaders conducted a stakeholder mapping with a scenario-based 
approach, identifying key stakeholders, a unifying concern, the current 
situation at the beginning of the project and the ideal situation at the end 
of the project. This stakeholder mapping helped shape stakeholder 
engagement and all subsequent phases of the project’s implementation. 


Main stakeholders: Citizens; decision-makers; academic and research 
organisations 


Concern: Citizens are concerned about the water quality in their marina 
and learn through enquiries to their regional environmental protection 
agency that water quality monitoring stations are not granular enough to 
represent their marina. 


Situation at the beginning of the project: Citizens purchase a water qual- 
ity sensor they find online and recruit additional neighbours to place the 
sensors in the marina. These sensors collect data for six weeks. According to 
citizens’ research, the data demonstrate a violation of national water qual- 
ity standards. Citizens share these data with their regional environment 
protection agency contact, who informs them that the data cannot be used 
because of quality-assurance issues. They are frustrated and left wondering 
if the regional environment protection agency is hiding something. 


Situation at the end of the project: Through a quick online search, citizens 
find the Citclops/EyeOnWater’s website that is supported by the European 
Commission. The citizen science project makes it easy for them to join. Cit- 
clops uses a number of established standards, tools and technologies to 
monitor various aspects of water quality. The citizens regularly meet up 
for training, collecting data and to share their concerns with project rep- 
resentatives from academic and research organisations (see ‘Stakeholder 
engagement’ below) and decision-makers. The citizens, the academic and 
research organisations, and the decision-makers develop mutual respect 
and work together to discover and address community concerns. Data col- 
lected by citizens are uploaded to the Global Earth Observation System 
of Systems Portal (GEOSS) repository and taken into account by decision- 
makers. Citizens feel more empowered about the environmental moni- 
toring of their marina. 
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Stakeholder engagement in Citclops 


Strategies to promote public engagement, involvement and participa- 
tion in decision-making processes include information dissemination 
(e.g., to increase environmental awareness); information exchange; and 
inclusion of a variety of stakeholders in all project phases. Stakeholder 
engagement in Citclops often consists of events held in public spaces 
that are accessible to schools, local citizens, policymakers and tourists 
and thereby act as multipliers to approach citizens and engage them in 
environmental stewardship. At these events, citizen science measure- 
ment principles are introduced with hands-on materials and technol- 
ogy, for example, with a colour wheel with different standardised water 
colours, a Secchi disk to measure water transparency and smartphone 
apps. Visitors are informed about the citizen science initiative and encour- 
aged to engage in environment monitoring with smartphones. Elements 
from these events including the training materials and supporting tech- 
nologies are then transferrable to other citizen science initiatives, as 
well as to other media, such as websites. In Citclops, different stakehold- 
ers are engaged at different phases as discussed below (see figure 14.2). 
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Fig. 14.2 Citclops’ data acquisition, validation (quality assurance and 
control, QA/QC), processing and delivery. (Source: Authors) 
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e Collection of water’s optical properties (raw data): citizens; 

e Quality assurance: citizens and automatic (Al-driven); 

e Data transfer: citizens and automatic; 

e Hosting in databases: automatic; 

e Data processing (GIS integration, interpretation, integration): aca- 
demic and research organisations, and automatic; 

e Data management and interoperability: automatic; and 

e Information delivery: citizens, academic and research organisations, 
and decision-makers. 


Conclusions and recommendations 


Citclops’s research provided several insights and recommendations about 
the engagement of a specific type of stakeholders: the decision-makers. 
To produce a good transfer of results from the research world to the pub- 
lic world and to achieve implications of the public world, civic educators 
and decision-makers should provide a good scheme for data gathering 
together with a clear explanation of the meaning of the data. Decision- 
makers and decision support systems should take into account that citi- 
zens are mostly triggered to observe when their natural system looks 
‘wrong’ (algal blooms, off-colour, smell). Decision-makers and decision 
support systems should be aware of and take into account citizens’ val- 
ues’ priority. For example, in the coastal environment, this priority is, gen- 
erally (1) visible presence of plants (sea grass); (2) visible presence of 
macro algae; (3) visible presence of animals (charismatic megafauna); 
and (4) cleanliness. Decision-makers should formalise that citizens can 
measure for fun (curiosity), for science and for legal cases, and should 
differentiate the engagement approach for each case. Decision-makers 
should clarify if, to make better decisions in a specific context, it is useful 
to try to get citizens to measure more than once on the same spot, and, if 
this is the case, they should improve current apps, which are generally not 
good in the visualisation of concentrated, overlapping observations. Citi- 
zen science projects should be able to straightforwardly show officials and 
decision-makers the level of accuracy and precision that can be achieved 
by citizen observations and DIY instruments. Projects like Citclops dem- 
onstrated that citizen science monitoring can be easily extended beyond 
the initial scope towards covering the needs of decision-makers, for exam- 
ple from monitoring water fluorescence to monitoring the Marine Strat- 
egy Framework Directive (MSFD)’s descriptor 5 (eutrophication). Sessions 
on governance during specific events can give decision-makers insights on 
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citizen science and on how citizen actions can influence decision-making 
on the environment and other topics. In addition, websites are important 
tools decision-makers can use to transfer information to, and engage, the 
public. In the best cases, they are also an excellent means to (1) exchange 
ideas and information between the public, scientists and decision-makers, 
and (2) collect qualitative and quantitative feedback related to citizen sci- 
ence tools, events and activities. Finally, and most importantly, when 
citizen science data about water monitoring, such as the ones produced 
by the Citclops and MONOCLE projects, are uploaded to open-access serv- 
ers, processed and archived remotely, and resulting information can be 
accessed by decision-makers (e.g., at local administrations), these can use 
the information to improve the management of the aquatic environment. 
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An exciting recent development in citizen science has been the emergence 
of a variety of projects to fight disease-vector mosquitoes. These projects 
have shown that citizens can play an important role in alleviating the 
global burden of the diseases these mosquitoes transmit, but the projects 
are mostly limited to a handful of countries and have yet to benefit much 
of the world’s most heavily mosquito-affected regions. The Global Mos- 
quito Alert Consortium (GMAC) seeks to change that. The initiative is 
bringing diverse citizen science projects together to tackle disease-vector 
mosquitoes worldwide. 


The problem of disease-vector mosquitoes 


The re-emergence and global spread of vector-borne diseases during the 
past two decades has given mosquitoes a prominent place on the interna- 
tional public health agenda (WHO 2014). Dengue has skyrocketed, reach- 
ing 100-390 million cases annually (Castro, Wilson & Bloom 2017). 
Outbreaks of chikungunya and Zika since 2005 have infected millions of 
people, with Zika triggering a global health emergency due to its rapid 
expansion and its link to microcephaly and other neurological complica- 
tions (Petersen & Powers 2016; Weaver & Lecuit 2015; Christofferson 
2016; WHO 2016b). Malaria incidence and mortality have decreased 


=, 
0 


Fig. 15.1 Predicted global distribution of Aedes albopictus, mosqui- 
toes that can serve as vectors for dengue, chikungunya, Zika and other 
viruses. Colours indicate probability of occurrence (from 0 blue to 1 red) 
at a spatial resolution of 5 kmx 5 km. (Source: Kraemer et al. 2015, CCO) 


since 2000 but the disease continues to affect enormous numbers of peo- 
ple, with over 200 million cases and over 400,000 deaths each year (WHO 
2016a; WHO 2014). Moreover, recent upticks in malaria suggest stalled 
progress and the need to revitalize efforts by gathering real-time data 
with greater geographic precision (WHO 2017; Gates 2018). 

These diseases and others, all transmitted by mosquitoes, place 
massive burdens on society — particularly the poor (Bhatt et al. 2013; 
Stanaway et al. 2016). Invasive vector species like the Asian tiger mos- 
quito, Aedes albopictus, have spread quickly around the globe (see fig- 
ure 15.1), and the World Health Organization has issued a strong 
warning that governments and development agencies must act quickly to 
improve vector control before this ‘alarming situation’ further deterio- 
rates (WHO 2014). In contrast to treatments and vaccines aimed 
directly at vector-borne diseases, the WHO has concluded that target- 
ing mosquitoes and other vectors provides an ‘excellent, but underuti- 
lised opportunity’ to fight these diseases and address the poverty and 
inequality that they cause (WHO 2014). 


Citizen science as a scalable and flexible solution 


Citizen science offers a highly effective strategy for tackling disease- 
vector mosquitoes. Traditional methods of mosquito surveillance and con- 
trol are costly and often implemented in unco-ordinated patchworks at a 
time when public sector budgets are under increasing pressure (Hadler 
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et al. 2015). Citizen science, in contrast, can be highly scalable, connect- 
ing the mosquitoes’ human hosts into massive, active networks. These 
networks can act as effective mosquito sensors across large geographic 
scales, providing early warning and mosquito prevalence estimates com- 
parable in quality to those from traditional methods (Palmer et al. 2017; 
and see Danielsen et al. in this volume). Citizen science projects that 
already provide information on disease-vector mosquitoes at national or 
supranational scales include Mosquito Alert (http://www.mosquitoalert 
.com), active in the Mediterranean Region; Muggenradar (https://www 
naturetoday.com/intl/nl/observations/mosquito-radar), active in the 
Netherlands; and Zanzamapp (http://www.zanzamapp.it), active in Italy, 
among many others. 

Further, engaging the public in vector monitoring through citizen 
science has numerous benefits beyond enhanced data collection. Partici- 
pation in citizen science often leads to enhanced topical knowledge or 
knowledge of the scientific process (Edwards et al. in this volume). In 


Fig. 15.2 Tiger mosquito photograph submitted by an anonymous 
participant through Mosquito Alert. CC BY 4.0. Participants in many 
mosquito-related projects may submit photographs along with their 
reports of mosquito detections to help researchers validate the reports. 
Other projects allow participants to submit specimens. 
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disease vector—monitoring, citizen science may also help motivate and 
improve co-ordination between individuals and families, so that they can 
implement effective protective and preventive measures such as interven- 
tions on mosquito-infested private property that public authorities can- 
not easily access (Oltra, Palmer & Bartumeus 2016). 

Citizen science is also flexible, encompassing a wide array of 
approaches. Different approaches may be better suited to particular 
regions, depending on social, economic and ecological factors. Citizen sci- 
ence can easily adapt to offer this variety. The mosquito-centred citizen 
science projects that have been emerging across the globe are unique in 
terms of goals and methods (Kampen et al. 2015; Vogels et al. 2015; 
Waterhouse et al. 2017; Yong 2017; Mukundarajan et al. 2017), though 
many share common practices like the collection of photographs or spec- 
imens as vouchers for species identification (figure 15.2). 


Global Mosquito Alert 


Despite the apparent scalability of networked citizen science, existing 
mosquito-related projects are mostly limited to a handful of countries. This 
appears to result from two basic challenges. First, the need to communi- 
cate effectively with participants and work closely with local public health 
and vector control authorities adds an inherently local aspect to vector- 
mosquito citizen science. Specific vectors, especially invasive species, will 
differ from one municipality to another, as will the authorities responsi- 
ble for vector monitoring, management and control. Second, projects have 
struggled, thus far, to find funding sources that are sufficiently large and 
sustainable to create the infrastructure needed for both long-term local 
implementation and global interoperability. 

The GMAC initiative took shape as a way to address these challenges. 
After initial discussions between existing projects, the initiative was 
launched at an international workshop in Geneva, convened by the Euro- 
pean Citizen Science Association (ECSA), the Woodrow Wilson Inter- 
national Center for Scholars, and the United Nations Environment 
Programme (UNEP) in April 2017. The workshop brought together experts 
and the heads of vector-mosquito citizen science projects from around the 
world. It quickly became clear that the diversity of approaches should be 
embraced through the formation of a consortium to serve as a global hub 
of resources and an engine for mobilising funding for locally customised 
projects at the country or region level. 
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The workshop participants agreed on the following vision: 


The Global Mosquito Alert Consortium is a new citizen science 
initiative that aims to leverage networks of scientists and volunteers 
for the global surveillance and control of the mosquito species 
known to carry the following diseases: Zika, yellow fever, chikun- 
gunya, dengue, malaria and the West Nile virus. Global Mosquito 
Alert Consortium will be an open, common set of protocols and a 
toolkit that is augmented with modular components created to 
meet both global and local research and management needs. 
(Tyson et al. 2018) 


The GMAC will start by focusing on four canonical protocols that reflect 
the goals of existing projects: (1) Real-time surveillance of adult vector 
mosquitoes; (2) investigation of larvae and breeding sites; (3) tracking of 
biting and nuisance; and (4) mosquito biodiversity approaches involving 
specimens and DNA identification techniques. Each protocol is designed 
with a small set of common, core elements and common metadata docu- 
mentation and data policies to facilitate interoperability (see also Williams 
et al. in this volume). These include a common set of data-validation pro- 
cesses and supporting tools, complemented by a directory of experts that 
can help local projects develop; a common process of data analysis and 
visualisation; four sets of open, canonical Android and iPhone mobile 
applications that may be customised for local use (e.g., the Mosquito Alert 
app has already been translated into Spanish and Cantonese for local pilot 
deployments in Colombia, Mexico, Puerto Rico and Hong Kong). Common 
data policies include compatible open source licences for software and 
open-access licences for data, privacy protections for participants and a 
set of user agreements. 


Looking forward 


For GMAC and other citizen science initiatives to realise their promises, 
policymakers and regulators, in collaboration with technologists, should 
have an ambitious conversation about global data commons. They need 
to address the question of how open and resilient big data architectures 
should be, in particular those used for monitoring vital public health and 
environmental factors. Experts will also need to consider the challenge 
and cost of ensuring accuracy when dealing with environmental samples, 
especially biological and genomics samples. The potential of monitoring 
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for disease-vectors is enormous but methods are needed to validate data 
and address liability issues. 

This is why, throughout this process, GMAC will be working with 
UNEP to develop a global portal on UNEP’s open-access web platform, 
Environment Live, where both data and techniques can be shared, assessed 
and improved. In an increasingly interconnected world, GMAC aims to 
give citizens the tools to make a growing contribution to combatting 
disease-vector mosquitoes at a scale never previously achieved, regardless 
of where they live and work. 
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Highlights 


e Citizen science offers an effective way to connect citizens and pol- 
icy, bringing societal and economic as well as scientific and political 
benefits. 

e Citizen science has the potential to impact local and national 
decision-making, empower citizens and lead to better, more trans- 
parent government. 

e Citizens can get involved by taking part in science-related processes 
and by understanding and guiding the changes taking place around 
them. 

e Consistent with European Citizen Science Association’s Principle 
10, current challenges preventing greater take-up of citizen science 
include diverse legislation, resistance from professional scientists, 
managing the expectations of participants and data comparability. 


Introduction 
Citizen science, powered by mobile, online and computing tools, offers an 


effective way to connect citizens and policymakers. Citizens can get 
involved by taking part in science-related processes and by understanding 
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and guiding the changes taking place around them. Consistent with the 
European Citizen Science Association’s (ECSA) Ten Principles of Citizen 
Science, such practices have the potential to impact decision-making at 
different administrative levels, contributing to monitoring and evalua- 
tion, empowering citizens and leading to more effective and transparent 
government. It can also help raise awareness and, ultimately, foster behav- 
ioural change. 

Studies in the UK and Germany (Davies et al. 2013; Bramer 2010) 
have demonstrated a vast potential that remains largely untapped, despite 
Europe having been at the forefront of citizen science. Recent publications 
(Haklay et al. 2014) report on established cases of close collaboration 
between governments and the public, with benefits for both sides, which 
range from land management to disaster response. However, while citi- 
zen science is becoming a valued and useful source of information for 
governments, adoption is still slow, especially at supranational (e.g., 
European) level (but see Smallman in this volume). 

Successful citizen science experiences at national, regional and local 
levels, some of which are included in this chapter, can serve as an inspi- 
ration for a more integrated approach at the supranational level, as called 
for in several reports (Serrano et al. 2014; Haklay 2015). These examples 
cannot only help re-engage citizens, but also empower them in an era 
when the bond of trust between civil society, science and policy-making 
needs to be strengthened (see also Mahr et al. in this volume). 

More investigation is needed to understand how citizens’ knowledge 
and these novel inflows of data can practically enhance policy-making and 
implementation processes (see also Shirk & Bonney in this volume). This 
chapter describes the potential contribution of citizen science to policy for- 
mulation and implementation, and the challenges currently preventing 
its sustained uptake by public authorities in their routine activities. It dis- 
cusses issues such as how to reconcile bottom-up, grassroots activities with 
more top-down, policy-driven initiatives. It also presents relevant exam- 
ples and recommendations that can guide effective partnerships between 
policymakers and citizen scientists. 


Potential citizen science contributions to policy 


The potential benefits citizen science can bring to policy formulation and 
implementation range from providing evidence for assessments through 
supporting regulatory compliance to community empowerment and 
awareness raising. Large numbers of volunteers are increasingly willing 
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to take part in these activities, while national, regional and international 
organisations and initiatives are starting to recognise their role and ben- 
efits (ECSA 2016b). 


Environmental policies and citizen science 


The breadth of citizen science activities in the environment sector is 
immense, covering an extensive range of policy areas and reaching all cor- 
ners of the world (Haklay 2015; McKinley et al. 2015; Bowser & Shanley 
2013). However, citizen participation in decision-making, especially the 
role of citizen science in augmenting data collected through official chan- 
nels, was first recognised in the context of national and international 
environmental policies. 

In 1998 in the Danish city of Aarhus, the United Nations Economic 
Commission for Europe (UNECE) adopted the Convention on Access to 
Information, Public Participation in Decision-Making and Access to Jus- 
tice in Environmental Matters, establishing a number of rights with regard 
to the environment. The Convention provides, inter alia, for the right of 
everyone to receive environmental information held by public authorities 
and to participate in environmental decision-making (UNECE 1998). The 
EU is party to the Convention since May 2005 (European Council 2005). 
While the first two pillars of the Aarhus Convention concern two Directives 
adopted in 2003 (European Parliament and Council 2003), provisions 
for public participation in environmental decision-making are to be found 
in a number of subsequent environmental directives, regulations and 
policy documents, such as the 7th European Union Environment Action 
Programmet, the Marine Strategy Framework Directive’, or the Common 
Bird Index, to name but a few. 

In addition to increasing legal provisions, international, European 
and national policy actors have started to recognise the importance of citi- 
zen science activities and the way they support policy (Haklay 2015). This 
is often linked to understandings of citizen science as a timely, cost- 
effective source of data, information and knowledge to support evidence- 
based policy implementation and monitoring, complementing official, 
authoritative sources. 

A growing number of references to the active role of citizen science 
and crowdsourcing can be found in EU environmental policies and legal 
documents (e.g., European Commission 2013; European Parliament and 
Council 2013). However, they are yet to be recognised as effective meth- 
ods to monitor the implementation of EU Directives, with some authors 
and organisations calling for a review of existing legislation (ECSA 2016b; 
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Haklay 2015). Beyond continental Europe, the Eye on Earth Summit in 
Dublin (2013) included citizen science as an important source of knowl- 
edge within the diversity of knowledge communities (Haklay 2015). At 
the technical release of UNEP LIVE in January 2014, UNEP highlighted 
citizen science and crowdsourcing as the most cutting-edge and exciting 
tools emerging in the global research arena (ECSA 2016b). 

One of the potential benefits of using citizen science to inform envi- 
ronmental policies is to meet the data collection targets of programmes 
that need to monitor large geographical areas with high frequency, such 
as in the early detection of invasive alien species (Delaney et al. 2008; also 
see box 16.1) or monitoring wild birds. In the latter case, networks of 
observers are using a pan-European Common Bird Monitoring Scheme 
(University of West of England 2013), contributing to the implementation 
of the Birds Directive* and the generation of the Common Bird Index?. 


Box 16.1. Monitoring invasive alien species of European 
Union concern 


The EU Regulation on Invasive Alien Species (European Parlia- 
ment and Council 2014) and first list of 37 Invasive Alien Species 
of EU Concern (European Commission 2016a) establishes a frame 
that may benefit from biodiversity-related citizen science at the 
European scale. A mobile application for monitoring alien species 
has been developed by the MYGEOSS project® (see figure 16.1) 
and investigations have begun into the use of the app in the field 
and the validation processes required to allow it to feed data into 
the official European Alien Species Information Network (EASIN’). 
Groundwork has been done to allow in-depth dialogue with rele- 
vant stakeholders in the EU, including member state representa- 
tives, public servants of the European Commission and scientific 
networks. This activity is likely to contribute to the process of 
reporting about invasive alien species to the Commission, which 
has to be in place by mid-2019. At the national level, in 2012 an 
initiative launched in the UK to engage citizens in recording data 
on invasive species so scientists could monitor their spread and 
effect on the environment (Siegle 2012); and separately an app 
has been developed to involve citizens in observing alien species, 
which is proving to be a cost-effective means of gathering data’. 
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Some reports confirm the potential of citizen science to serve policymak- 
ers by providing evidence to support regulatory compliance, and identify 
and fill gaps in data and information (University of West of England 2013; 
Haklay 2015). Therefore, and within the context of the current Fitness 
Check of EU environmental monitoring and reporting (European Commis- 
sion 2016b), citizen science has the potential to complement centralised 
reporting by reducing costs in data collection, validation and verification. 

In the UK, there is a long tradition of volunteer naturalists partici- 
pating in environmental monitoring, with an estimated 100,000 volun- 
teers contributing to recording schemes and societies in 2005 (The 
Parliamentary Office of Science and Technology 2014). Current UK gov- 
ernment action plans and strategies call for volunteers to assist with 
monitoring in policy-relevant applications, such as the designation of 
protected areas, ecological impact assessments, the development of envi- 
ronmental biodiversity indicators, and the identification of invasive spe- 
cies and disease outbreaks (see box 16.1). Data collected by volunteers 
enable the UK to meet its obligations to monitor, report and respond to 
EU environmental legislation. 

The Scottish Environment Protection Agency (SEPA) has also 
explored the potential for citizen science to support its regulatory and pol- 
icy efforts (see box 16.2), concluding that it is suitable for assessing 
impacts of key environmental pressures identified in the Scottish environ- 
mental monitoring strategy, such as invasive non-native species, noise 
and vibration, waste management or greenhouse gas emission monitor- 
ing (Pocock et al. 2014a). McKinley et al. (2015) lists a number of citizen 
science projects and programmes which are already used in environmen- 
tal science and decision-making in the United States, in particular in the 
fields of species management, climate change, ecosystem services man- 
agement, invasive species control, and pollution detection and enforce- 
ment. The Irish Environmental Protection Agency (EPA) has developed 
a mobile application called See it? Say It!° to help people report environ- 
mental pollution (waste, air, noise) — complaints are directed to the local 
authority, which then has to provide a response within a short time. 

Several studies have demonstrated that citizen science projects are 
cost-effective, especially in the case of large-scale projects. In the UK, a 
£7 million government investment in volunteer monitoring schemes gen- 
erated data estimated to contribute £20 million in kind (Makechnie et al. 
2011). In France, annual savings of €1-4 million have been estimated as 
a result of the Citizen Science Biodiversity Monitoring Programme of the 
French National Museum for Natural History (Levrel et al. 2010; and see 
Peltola & Arpin; Sforzi et al., both in this volume). In the United States, 


CITIZEN SCIENCE 


Box 16.2. Scottish Environment Protection Agency 
and citizen science 


In recent years, SEPA has recognised the need to take a more stra- 
tegic approach to its involvement in citizen science, partly in 
response to the challenges of sustaining and growing an increasing 
number of projects. The strategic approach comprises several ele- 
ments, including a high-level strategy outlining how citizen sci- 
ence can help deliver core responsibilities and objectives, published 
guidance on the types of projects SEPA would support, the co- 
ordination of SEPA citizen science activities to ensure alignment 
with its overall strategy and the provision of relevant IT infrastruc- 
ture and tools'®. The Scottish Environment Protection Agency 
now explicitly states the important role of citizen science in engag- 
ing the public in changing attitudes and behaviours towards their 
environment, improving health and well-being, and developing 
partnerships, in addition to generating valuable data. The strategy 
recognises that citizen science is often cheaper, though not zero 
cost, when it comes to generating data or information, even if it is 
less precise than SEPA’s own professional monitoring. The Scottish 
Environment Protection Agency has helped communities of inter- 
est to maximise the quality of their data through training and access 
to verification tools. There are, however, a number of issues that 
SEPA still needs to address, such as capacity building, balancing 
open communication with SEPA’s official policies and messages, 
improving evaluation, maintaining volunteer motivation and rec- 
onciling the cost of citizen science activities with increasing con- 
straints on public resources. The Scottish Environment Protection 
Agency is working with partners in the UK Environmental Obser- 
vation Framework Citizen Science Working Group to commission 
much-needed research on understanding the various motivations 
for participating in citizen science, and on assessing its costs and 
benefits for public bodies. There is also a need, as stated elsewhere 
in this chapter, to provide evidence that engagement in citizen sci- 
ence effects behavioural change by participants and in society 
more generally. 
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analysis of 238 citizen science biodiversity projects around the world esti- 
mated that the in-kind contributions of 1.3 to 2.3 million volunteers had 
an economic value up to $2.5 billion per year (Theobald et al. 2015). 


Research, science and innovation policies 


Speaking more broadly, citizen science is increasingly recognised as instru- 
mental in fostering open and novel science in research, science and inno- 
vation strategies, policies and initiatives. For example, in the current EU 
Research and Innovation policy, it is a key element of one of the five lines 
of potential policy actions supporting the development of open science in 
Europe (European Commission 2016c). In the United States, the 2013 
Open Government National Action Plan included the initiative to create 
an Open Innovation Toolkit to promote innovation in federal agencies, 
including approaches such as crowdsourcing and citizen science. On 30 
September 2014, the White House Office of Science and Technology 
Policy (OSTP) and the Domestic Policy Council (DPC), in collaboration 
with the Federal Community of Practice on Crowdsourcing and Citizen 
Science, co-hosted a forum addressing the links between citizen science 
and crowdsourcing with open science and innovation (see also Robinson 
et al. in this volume). In this context, recent reports advocate for change 
to science and research programmes and funding schemes to facilitate 
the participation of grassroots initiatives driven by citizen scientists and 
guarantee its sustainability (Serrano et al. 2014; Bonn et al. 2016). 

Citizen science is also recognised as engaging the public across the 
research landscape and guiding research agendas towards issues of con- 
cern to citizens. The ‘Science with and for Society’ programme of Hori- 
zon 2020, the current EU Framework Programme for Research and 
Innovation (see box 16.3), takes an approach called Responsible Research 
and Innovation (RRI) (see Smallman in this volume for much more on 
RRI). Responsible Research and Innovation advocates allowing all soci- 
etal actors (researchers, citizens, policymakers, business, etc.) to collab- 
orate to better align both process and outcomes with the values, needs 
and expectations of society (European Commission 2015). The involve- 
ment of public and civil society stakeholders in processes, outcomes and 
powerful co-creation is a key component of RRI as a way to build public 
acceptance of innovation, while making it more effective (Sutcliffe 2011). 
Crowdsourcing initiatives are mentioned as new ways of involving the 
public in prioritising innovation and its implementation. 
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Box 16.3. The EU Research and Innovation policy 
and citizen science 


At a major EU Conference in April 2016 in Amsterdam, the Com- 
missioner for Research, Science and Innovation, Carlos Moedas, 
outlined his vision for a common EU approach to open science in 
Europe. He made a call for citizen scientists to contribute to Euro- 
pean science as valid knowledge producers by 2020 (Moedas 
2016). Open science is one of three goals of the current EU research 
and innovation policy, first set out in 2015 (European Commission 
2016c), together with open innovation and being open to the 
world. Citizen science is mentioned as a key tool to foster open 
science in education programmes, promote best practices and 
increase the input of knowledge in one of five potential policy 
actions identified in a draft European Open Science Policy Agenda, 
‘Fostering and creating incentives for Open Science’. It is also one 
of the eight issues addressed by the recently created Open Science 
Policy Platform (OSPP), a high-level expert group representing 
stakeholders, which will propose recommendations for co-design- 
ing and co-developing the Open Science Policy Agenda through 
with relevant actors in science and research in Europe. 


Public empowerment and behavioural change 


Citizen science is now regarded as a way to empower communities in 
driving forward policies (Rowland 2012). Some reports confirm that it 
allows citizens to adopt more active roles in society, protect their envi- 
ronment and drive a more participatory form of democracy (Ala-Mutka 
2009; Mueller et al. 2012) and that it provides opportunities for closer 
interactions, especially with local governments (Irwin & Michael 2003). 

The potential of local knowledge and citizen science activities has 
been demonstrated in several cases of environmental justice including 
citizen-driven initiatives against water drilling and disposal by an oil 
company in Peru, noise pollution in a scrapyard in London and hydrau- 
lic fracturing (‘fracking’) in the United States (University of West of Eng- 
land 2013). However, the same report recognises that there are few 
examples of truly participatory citizen science with evidence that they 
have influenced decision-making, although this may be related to diffi- 
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culties in obtaining evidence. Elsewhere, the Environment Agency in Eng- 
land has direct evidence of biological water quality recording by anglers 
leading to the successful prosecutions of polluters (The Riverfly Partner- 
ship 2007). 

Overall, though, it appears that many citizen science projects are 
not benefiting from the more participatory roles of citizens (Mueller 
et al. 2012). Furthermore, if they are to contribute to more participa- 
tory forms of democracy, such activities should be inclusive and acces- 
sible to all, not only those who have access to the latest technologies or 
are well-educated (Haklay 2013; and see Haklay in this volume; Peltola 
& Arpin in this volume). For example, the participation of local com- 
munities in volunteered geographic information initiatives is impor- 
tant in addressing the challenge of building resilient societies (Haklay 
et al. 2014). 

While difficult to measure, evidence suggests that citizen science can 
positively affect participants’ attitudes and behaviours towards the envi- 
ronment (The Parliamentary Office of Science and Technology 2014). 
Strategic environmental policies, such as the EU Biodiversity Strategy 
(European Commission 2011), recognise that citizen science is a valua- 
ble means of mobilising citizens in biodiversity conservation, while gath- 
ering high-quality data. Few studies have analysed changes in attitudes 
towards the environment and environmental behaviours thanks to pub- 
lic participation in science (University of West of England 2013) but 
Davies et al. (2013) report that almost half of volunteers recognised a 
change in the way they thought about the environment and more than 
one third would change their behaviour towards it. Stepenuck & Green 
(2015) report some changing attitudes and behaviours, although some 
appeared to be more superficial than desired. More research is needed to 
better understand attitudinal and behavioural changes, which could 
impact attempts to address global challenges such as climate change and 
biodiversity degradation. 


Challenges for citizen science-based policy 


The proven and potential benefits of citizen science are offset by challenges 
ranging from data quality and management, institutional resistance or 
lack of awareness by public bodies, to persistent social inequalities that 
limit participation. These obstacles, explored more below, demand further 
discussion and sustained efforts to co-ordinate responses to them. 
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Data quality and management 


Data quality, comparability and interoperability are considered essential 
for both evidence-based policy-making and scientific evidence (see 
Williams et al. in this volume). At the same time, the capacity of citizen 
scientists to deliver high-quality and reliable data is one of the most 
debated issues in citizen science. However, studies attest to the accuracy 
of citizen science models in providing reliable data, including on geo- 
graphical information (Haklay 2010), bird habitat (Nagy et al. 2012), air 
pollution (Tregidgo et al. 2013) and ecosystems (Gollan et al. 2012). 
Instead, the issue of quality in citizen science is related to project design, 
which demands adequate data validation protocols or mechanisms 
(Bonter & Cooper 2012). Successful initiatives combine multiple meth- 
ods to ensure data quality (Wiggins et al. 2011) and operate in different 
organisational settings beyond more traditionally scientific ones, requir- 
ing appropriate quality assurance (Haklay 2017). 

Introducing or revising protocols and standards can pose additional 
challenges for data consistency and its relationship to official and man- 
datory statistics. This also poses problems for the (re-)use of the data. 
Consider, for example, air quality monitoring in Europe. Many activities 
using generally applicable sensor kits are building their own communi- 
ties, and data is collected and stored in independent information systems. 
The results neither cover the complete territory of the EU, nor measure in 
a synchronised or continuous way. Changing this would not only require 
harmonisation efforts but also sustainability, including long-term storage, 
curation and archiving of contributions. As a result, citizen science remains 
largely separate from the knowledge base used to deliver EU policies on 
environment (but see Volten et al. in this volume). 

Data management and interoperability were in fact identified by par- 
ticipants of the Citizen Science and Smart City Summit as critical to long- 
term benefits from citizen engagement (Craglia & Granell 2014). A later 
international survey of data management practices revealed that approx- 
imately 60 per cent of participating projects followed a dedicated data 
management plan and many applied standards to the data and metadata 
generated (Schade & Tsinaraki 2016). Although a majority of projects 
claimed to provide access to raw or aggregated data, they did not always 
apply appropriate use conditions or well-defined licences. The detailed 
underlying issues are also addressed in Williams et al. in this volume and 
existing solutions are included in the upcoming book from the COST 
Action (a European framework supporting transnational co-operation in 
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science and technology) on citizen science! (Bastin, Schade & Schill 
2017). Related work is taken up at the international level by a Data and 
Metadata Working Group chaired by the Citizen Science Association 
(2015); and the Open Geospatial Consortium (2016) adopted a Citizen 
Science Domain Working Group in 2016 regarding geolocation data. 


Adoption by public institutions 


The current political context increasingly calls for civic involvement, rang- 
ing from conventional mechanisms of consultation to direct integration 
in multiple stages of the policy cycle. However, the actual adoption and 
impact of citizen science in policy-making is difficult to demonstrate. For 
instance, although citizen science is positioned as a key tool to foster open 
science at the European level, mechanisms are still lacking for citizens to 
impact evidence-based processes for policy-making. Citizen science’s 
weight or importance is not visible at all policy stages, nor is it clearly con- 
nected with current public engagement mechanisms such as public con- 
sultations or citizen-initiated policy proposals. 

Public institutions wanting to engage in citizen science (see box 
16.4) also have to consider the resources required to manage expecta- 
tions from actively engaged citizen scientists and participants. Empower- 
ing individuals and communities with information requires constant 
feedback and dialogue. There is also a perceived danger that alternative 
messages on environmental issues can develop from public access to raw 
data, leading to conflicting interpretations. This can be overcome by 
careful planning of feedback mechanisms and provision of appropriate 
contextual information. 


Box 16.4. Citizen science in the US federal government 


While some US federal agencies have supported citizen science 
projects in the past, a concerted grassroots effort led by the Federal 
Community of Practice on Crowdsourcing and Citizen Science 
(CCS)? has helped to dramatically increase the visibility, credibil- 
ity and adoption of citizen science within the US government to 
address societal and scientific challenges. Through a series of 
interviews, the CCS identified barriers to adoption by government 
agencies, including trust, data quality, privacy, cybersecurity and 
perception of liability risk (Gedney & Shanley 2014). The CCS 
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then developed a set of strategies to address these hurdles, includ- 
ing assembling success stories (Bowser & Shanley 2013), consult- 
ing with legal analysts (Gellman 2015; Scassa & Chung 2015a; 
Scassa & Chung 2015b), streamlining the project approval process 
(Parker 2016), and providing educational briefings to agency exec- 
utives and inviting them to speak at citizen science-related events 
(Shanley et al. 2013). The CCS also collaborated with the White 
House to build a ‘How-To’ toolkit! and projects database'* aimed 
at reducing barriers to entry and increasing government-wide co- 
ordination. Lastly, the CCS inspired and informed the White House 
memo ‘Accelerating Citizen Science and Crowdsourcing to Address 
Societal and Scientific Challenges’, issued September 2015, and 
the Sec. 402 of the American Innovation and Competiveness Act, 
passed January 2017, as well as other policy directives, providing 
top-level support for government agency use of citizen science 
(Holdren 2015; see also GAO 2016; US GEO 2014; USGCRP 
2014). The White House memo articulated guiding principles for 
US federal citizen science and crowdsourcing projects, including 
(1) applying the principle of ‘fitness for use’ (i.e., ‘ensuring that 
data have the appropriate level of quality for the purposes of the 
project’); (2) ensuring that the data, code, applications and tech- 
nologies generated by federally sponsored citizen science projects 
are ‘transparent, open, and available to the public’; and (3) engag- 
ing members of the public in citizen science in meaningful ways 
such that their contributions are mutually beneficial and publicly 
acknowledged. The memo also directs each agency to designate a 
co-ordinator for citizen science and crowdsourcing, and to cata- 
logue federally funded and/or co-ordinated citizen science and 
crowdsourcing projects, building on the work of SciStarter. The leg- 
islation clarifies the authorisation for federal agencies to support 
citizen science projects, and addresses some administrative and 
legal issues such as liability. 


However, some have questioned the effect of the democratisation of 
science and technology policy (Wynne 2006; Irwin 2006). Dialogue can 
be seen as a way of enhancing trust in science, or avoiding public resistance 
to issues that are economically and politically important. More critical 
studies argue that engagement tends to be constrained by official per- 
spectives, making participation ‘another governance tool among others, 
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e.g., for adjusting, supplementing or enhancing the policy process’ 
(Levidow 2008, 3). 

Furthermore, one of the main challenges at the supranational level 
comes from the diversity of legislation and cultures. European member 
states, for example, have disparate regulatory frameworks on data man- 
agement, official measurements and privacy requirements, along with 
different levels of readiness and previous engagements with citizens and 
stakeholders. Questions remain about how these issues are addressed 
across geographic (and thereby administrative) scales; across different 
institutions (such as the European Commission and the European Envi- 
ronment Agency, see box 16.5); and across supranational agencies, 
including governmental (e.g., environment protection, mapping and 


Box 16.5. Environmental knowledge community 
and citizen science 


In order to understand the European challenges and to benefit from 
the richness and diversity of the European citizen science land- 
scape, five Directorate Generals (DGs) of the European Commis- 
sion — DG Environment, DG Research and Innovation, DG Joint 
Research Centre, DG Climate Action and DG Eurostat — together 
with the European Environment Agency (EEA) agreed to jointly 
investigate the potentials and limitations when connecting citizen 
science to European environmental policy-making. A group set up 
in January 2015 began to consider how data gathered by citizens 
(using mobile phones, for example) could best be used to comple- 
ment environmental monitoring and reporting processes in a cost- 
effective manner, to review the potential of lay, local and traditional 
knowledge to fill in knowledge gaps and to examine how the involve- 
ment of citizens could foster environmental behavioural changes. 
The participants jointly contributed their experiences and diverse 
roles in policy-making processes in order to address, among others, 
the questions outlined in this chapter. This initiative includes direct 
practical experiences by initiating citizen science demonstrators 
for European policy-making, which includes the work in support 
of the European Union Regulation on Invasive Alien Species as 
reported above. EU-funded research activities such as the Citizens’ 
Observatories” are also deemed to contribute to this endeavour. 
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statistical) agencies as well as non-governmental organisations (NGOs) 
(e.g., the ECSA). 


Inequality and power imbalances 


Citizen science pushes for more democratic ways of generating, selecting 
and interpreting high-quality data to inform decision-making. However, 
citizen science projects are most successful at integrating those citizens 
who probably already have the most resources to engage in policy in the 
first place (e.g., time, capital). If one of the main goals of citizen science 
is to offer more possibilities for citizens to generate knowledge for policy 
formulation and implementation, underserved communities and unheard 
voices need to be included in a people-powered science (see Haklay; Novak 
et al., both in this volume). 

Inequalities in the way research findings are taken up by policymak- 
ers have also been documented in research close to the field of citizen 
science. For example, in ‘undone science’ (Frickel et al. 2010; Hess 2015), 
community-based participatory research (Bidwell 2009), ‘counterpublics’ 
(Hess 2011), or in general community-based science, social movements 
or civil society organisations have done research that has systematically 
been unfunded, incomplete or ignored by traditional research bodies. This 
attests to the asymmetries that citizen science needs to address. Public 
engagement may therefore require ‘control mutuality’ between the par- 
ties involved, that is, a shared agreement on the influence and control they 
have over one another (Grunig & Grunig 2001). This would lead to a ‘shar- 
ing of power’ (Seifert 2006, 83), where all parties allow the outcomes of 
participatory exercises to truly be unpredictable and to have substantial 
consequences on the processes. 


Participatory models to inform policy-making 


This section presents an overview of past and present debates around top- 
down and bottom-up approaches when it comes to the relationship 
between science and society. From more traditional and one-way connec- 
tions between experts and non-experts to more recent co-creation mod- 
els, citizen science remains a contested field of practice, even more so 
when it moves towards do-it-yourself (DIY) experimentation that places 
citizens and communities at the centre (Ballard, Phillips & Robinson; 
Novak et al., both in this volume). These past, present and emerging 
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approaches offer lessons for dialogue, feedback and, ultimately, the co- 
creation of science and policy. 


From top-down to bottom-up science 


The interplay between science and society has moved from the top- 
down approaches of traditional science communication (one-way, from 
‘experts’) towards bottom-up models of public engagement (e.g., two- 
way dialogue and the co-construction of research agendas and interpre- 
tation). Giving a privileged role to the public has been at the core of 
debate on the relationship between science, technology and democracy 
(Jasanoff 2004; Latour & Weibel 2005), in which a ‘democratic turn’ has 
pushed for a more open agenda (Fischer 2000; Leach, Scoones & Wynne 
2005). In practical terms, public engagement has been implemented 
and tested through consultative and deliberative mechanisms, such as 
citizen juries, citizen panels, deliberative polls, citizen schools, dialogues, 
focus groups and consensus conferences (Burri 2009; Coote & Lena- 
ghan 1997; Joss & Durant 1995b), extending to participatory and 
experimental mechanisms, such as future scenarios, experiential tools, 
co-design and digital interventions (Chilvers & Kearnes 2016; Nasci- 
mento et al. 2016). 

In citizen science, it can be argued that more institutionally led 
(top-down) projects remain abundant (Nascimento, Guimarães Pereira 
& and Ghezzi 2014). Invitations for collaboration originate from scien- 
tific organisations, which largely predetermine the research objectives 
and citizens’ involvement tends to be limited. Even the language can 
be one-sided, describing citizens as enlisted (Hochachka et al. 2012), 
recruited (Suomela 2014) or, more typically, as a crowd of data collec- 
tors (Devictor, Whittaker & Beltrame 2010) or data processors via their 
own resources, such as computers and mobile phones (Roy et al. 2012). 
However, such passive participation is moving towards more active roles, 
including as interpreters and creators of data in collaboration with 
scientists and policymakers. Overall, bottom-up contributions should be 
supported and top-down policy processes engaged to connect the two 
perspectives so that policymakers are ready to receive data and findings 
from participants and take action. Increasing numbers of participants 
are likely to further legitimate official mandates to actually integrate and 
use data from citizen science. 
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Citizen science as a contested space 


Embracing bottom-up perspectives requires acceptance of a wider range 
of knowledge co-creation and sharing than traditionally included in 
evidence-based policy-making. This higher level of participation is focused 
on citizen empowerment and inclusion in defining the conditions and pur- 
poses of evidence. In what some call ‘extreme or collaborative science’ 
(Haklay 2013), citizens are mostly seen as equal to scientists when it 
comes to decisions about research questions, methods or processes (Fun- 
towicz & Ravetz 1992), which can include data analysis by the communi- 
ties involved in the projects beyond the provision of data or processing 
resources. 

In this way, citizen science can challenge the ways scientists pro- 
duce knowledge, including their assumptions and standards about what 
is valid as scientific knowledge. This does not mean a degradation of data 
quality if data collection is based on systematic, fit-for-purpose observa- 
tions and protocols agreed from the beginning. Still, citizen science can 
unsettle traditional beliefs about the uniqueness and complexity of sci- 
entific practice if it is then performed by non-professional scientists. In 
many cases, citizen science participants are experts in their own right as 
a result of their own professional expertise, or become experts through 
their voluntary participation (e.g., see Peltola & Arpin in this volume). 

Conflicts of interest between parties are a common concern. A recent 
editorial in Nature raised concern that citizen participants might advance 
their political objectives, such as when ‘opponents of fracking, for exam- 
ple, might help track possible pollution because they want to gather evi- 
dence of harmful effects’ (Editorial 2015). This editorial sparked debate 
in the citizen science community on social media, mailing lists and blogs, 
where it was positioned in the wider context: bias as a result of asymmet- 
rical power relations in science and policy; claims of falsification or data 
fraud outside of citizen science; and the integration of personal motiva- 
tions, value judgements and social norms in epistemological understand- 
ings of objectivity. Open discussion is needed between all parties to 
transform rigid understandings of what constitutes relevant knowledge 
for science and policy. 


Towards transdisciplinary and DIY trends 


It can be argued that the rationale of citizen science in involving diverse 
groups bring it closer to transdisciplinary frameworks that are visible in 
different scientific fields. Generally speaking, transdisciplinarity operates 
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both horizontally, to involve and mix different areas of expertise, and 
vertically, to include stakeholders from civil society and the private and 
public sectors (Klein 2004). Transdisciplinarity strives to generate com- 
prehensive knowledge through collaborative platforms with both aca- 
demic and non-academic stakeholders, while also combining frameworks 
across disciplines. It privileges bringing together all types of knowledge 
towards a common and practical goal (Nascimento & Pólvora 2015), 
from a global network of makerspaces publishing their work on Github 
to localised interventions in an urban neighbourhood monitoring air 
quality (Balestrini et al. 2016; see box 16.6). It means that inputs for pol- 
icy formulation and implementation can come from many different places 
and social groups, as long as they are relevant and can generate high- 
quality knowledge. 

In its more radical forms, transdisciplinarity does not impose a hier- 
archy of expertise, connecting to emerging citizen science movements 
that rely on projects initiated and developed by individuals or groups unaf- 
filiated to the scientific establishment. Even where these individuals and 
groups do have a scientific affiliation or background, their initiatives do 
not align with conventional or prescribed institutional rules. The DIY 
movement, or what is sometimes called do-it-together (DIT), has been 
paving the way for the next steps for citizen science (Nascimento, Guima- 
raes Pereira & Ghezzi 2014; and see Novak et al. in this volume). The ‘DIY 
scientist’ is someone who tinkers, hacks, fixes, recreates and assembles 
objects and systems in creative and unexpected directions, usually using 
open-source tools and adhering to open paradigms to share knowledge 
and outputs with others. Do-it-yourself scientists are doing science out- 
side conventional university or lab settings, and instead in makerspaces, 
Fab Labs, Hackerspaces, techshops, innovation and community-based 
labs, or even in their homes, garages or schools. 

These forms of enquiry recognise different ways of knowing and 
allow for more out-of-the-box thinking and experimentation. Such emerg- 
ing practices also bring forward new and valuable sources of data that can 
contribute to policy-making processes. A DIY environmental science com- 
munity such as Public Lab!” uses low-cost techniques to investigate envi- 
ronmental issues, often to improve citizen contributions to decision-making 
and enable change in the political sphere. Although currently marginal, 
these practices are likely to grow, along with their challenge to mainstream 
science and policy-making. Such challenges can be productive and bring 
about new thinking and practices, not only enriching science and policy 
but also empowering citizens and communities. 
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Box 16.6. Citizens and communities building their own sensors 


The project Making Sense: Advances and Experiments in Partici- 
patory Sensing (H2020 Competitive Project 688620) aims to 
develop participatory frameworks and tools for citizen-driven 
innovation"®. It will show how open source software, open source 
hardware, digital maker practices and open design can be used by 
local communities to appropriate their own technological sensing 
tools and address pressing environmental problems in air, water, 
soil and sound pollution. The project is developing a Making Sense 
Toolkit, based on the Smart Citizen platform (see figure 16.2) and 
in other open source sensors, to be tested in Amsterdam, Barce- 
lona and Pristina. In the pilots, the team is working with commu- 
nities of interest, including citizens, local associations and civil 
society organisations, and communities of practice, such as hard- 
ware makers and tinkerers (someone who likes to hack, change or 
repair machines or objects) well-versed in open source technolo- 
gies and digital fabrication. They meet and collaborate at local Fab 
Labs and makerspaces to deploy, test and improve readily available 
open hardware and software tools, and contribute with best prac- 


tices around community-driven environmental sensing and sense- 
making. Participants also interact with experts and city officials, 
collect and share data, visualise and interpret results, and devise 
responses, either individually or collectively. 


Fig. 16.2 The Smart Citizen Kit, a DIY and open source sensor. 
(Source: Smart Citizen team; Fab Lab Barcelona | IAAC and MID) 
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Conclusion: strategies and recommendations 


This section offers strategies and recommendations for introducing and 
coordinating citizen science initiatives within and across different levels 
of governance. It is not an exhaustive overview but contributes a list of 
priority areas where action is needed for citizen science to become an inte- 
gral part of future policy and build effective partnerships between 
governments and their citizens. 


Integrating citizen science data: Citizen science has the potential to com- 
plement, validate and enhance data collected through official channels 
with broader, timely and cost-effective data sources. This has already been 
showcased in areas such as biodiversity monitoring (e.g., birds and inva- 
sive alien species) or compliance assurance (e.g., environmental pollution 
reporting). Adequate standards and infrastructure are needed to deliver 
on this potential, including revised data validation protocols, multiple 
methods for data quality, data interoperability and management, and 
innovative and robust technologies. To be really effective, this should be 
complemented by the formulation of more participatory processes, which 
may imply the review of legislative frameworks. 


Developing citizen engagement and empowerment: Citizen science can 
raise awareness and empower citizens and communities, and poten- 
tially improve their relationship with government, official bodies, scientists 
and other actors. To harness this potential, policymakers and implement- 
ers need to embrace more participatory, citizen-centred, inclusive 
and bottom-up approaches for knowledge and data production, together 
with formal mechanisms for citizen participation in decision-making and 
ultimately, the co-creation of policies. 


Coordinating across governance levels: Despite the integration of citizen sci- 
ence into national and regional policies and programmes, few networks 
connect emerging citizen science initiatives with each other or with exist- 
ing knowledge and policy schemes. Furthermore, existing programmes 
and policies are mostly linked to environmental monitoring and report- 
ing activities. Co-ordination, with clear definitions of the opportuni- 
ties, roles and responsibilities at different levels of governance, would 
strengthen coherence and expand the application of citizen science to pol- 
icy areas where it has a strong potential, such as climate monitoring, 
agriculture and food security, urban planning and smart cities, health and 
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medical research, humanitarian support and development aid, science 
awareness and scientific efforts. 


Supporting pilots and practical experimentation: Complex interplay 
between the many stakeholders complicates the further integration of citi- 
zen science and other emerging trends, such as DIY science, in policy- 
making. Collaboration can be strengthened with empirical studies and 
practical testing such as demonstration projects (see box 16.6), open and 
interdisciplinary calls for proposals and projects, or adapted methodolo- 
gies for community engagement. More needs to be done in terms of mutual 
learning between such projects and pilots, and pilots can also be appro- 
priate testbeds of community engagement for further integration with 
policy processes. 


Establishing and strengthening communities of practice inside public admin- 
istration: Previous and ongoing initiatives have proven the effectiveness 
of sustained mechanisms for civil servants and policymakers to incorpo- 
rate citizen science in their work (see box 16.4). Examples of mecha- 
nisms include creating networks of practitioners and champions across 
departments, units or agencies; developing adequate communication 
and capacity-building tools such as roundtables, webcasts, blogs or prac- 
tical training; identifying obstacles preventing citizen science from being 
used effectively and widely in specific organisational contexts; and pro- 
ducing best practices which showcase successful projects. 


Connecting to current priorities: High-level commitment — from top scien- 
tists, management, policymakers and institutions —- would promote the use 
of citizen science in policy formulation and implementation. Understand- 
ing of the policy agenda and its pipeline of initiatives should be coupled, 
when possible, with demonstrations of the potential citizen science impact 
on constituencies, and this could increase such commitment. A clear pol- 
icy strategy for citizen science initiatives would help ensure they are per- 
ceived as useful for policy, while the wider citizen science community 
would also benefit from guidance on what policymakers find helpful. The 
right framework and communication strategy are needed to ensure citi- 
zens are heard and feel they are part of the solutions that concern them. 
Even the careful selection of terminology to describe citizen science in a 
way that is relevant to policymakers can make a difference. 


CITIZEN SCIENCE FOR POLICY FORMULATION AND IMPLEMENTATION 


239 


240 


Acknowledgements 


The authors would like to acknowledge the European Environment Agency 
(EEA) and the Citizen Science Interest Group of the European Protection 
Agency (EPA) network. They would also like to thank the team and part- 
ners of the project Making Sense: Advances and Experiments in Partici- 
patory Sensing (H2020 Competitive Project 688620), under the support 
of the Collective Awareness Platforms for Sustainability and Social Inno- 
vation (CAPS) programme. Here a special thank you is due to Fabrizio Ses- 
tini (DG CNECT, European Commission). The authors would also like to 
thank the Alfred P. Sloan Foundation for their support and encouragement 
of the US Federal Crowdsourcing and Citizen Science initiative through 
grants to the Commons Lab of the Woodrow Wilson International Center 
for Scholars. Finally, the authors are grateful for valuable discussions in 
the European Commission’s Environmental Knowledge Community, 
which helped shape this chapter’s recommendations. 


Notes 


1 Decision No 1386/2013/EU of the European Parliament and of the Council of 20 Novem- 
ber 2013 on a General Union Environment Action Programme to 2020 ‘Living well, within 
the limits of our planet’. 

2 Directive 2008/56/EC of the European Parliament and of the Council of 17 June 2008 
establishing a framework for community action in the field of environmental policy (Marine 
Strategy Framework Directive). 

3 http://ec.europa.eu/eurostat/web/products-datasets/product?code=tsdnr100 

4 http://ec.europa.eu/environment/nature/legislation/birdsdirective/index_en.htm 

5 http://ec.europa.eu/eurostat/web/products-datasets/product?code=tsdnr100 

6 http://digitalearthlab.jrc.ec.europa.eu/mygeoss/ 

7 http://easin.jrce.ec.europa.eu/ 

8 http://planttracker.org.uk/ 

9 http://www.epa.ie/enforcement/report/seeit/ 

10 http://www.environment.scotland.gov.uk/get-involved/ 
11 https://www.cs-eu.net/ 

12 https://www.citizenscience.gov/community/ 

13 https://crowdsourcing-toolkit.sites.usa.gov/ 

14 https://www.citizenscience.gov/ 

15 http://www.citizen-obs.eu/ 

16 http://making-sense.eu/ 

17 https://publiclab.org/ 
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Highlights 


e Responsible Research and Innovation (RRI) is emerging as a key 
approach to mediating the relationship between science and society 
to tackle social challenges. 

e Citizen science has both overlaps with, and divergences from, RRI. 

e Citizen science could learn lessons from RRI approaches and pro- 
cesses especially in terms of meaningful citizen participation. 

e Amore responsible citizen science would need to engage with issues 
of participation, agenda-setting (including power relations) and act- 
ing responsibly — and collectively. 


Introduction: Responsible Research and Innovation 


Responsible Research and Innovation (RRI), a cross-cutting theme of the 
European Commission (EC) Horizon 2020 programme, is emerging as a 
key approach to mediating the relationship between science and society. 
Bringing together public engagement, open science, gender equality, sci- 
ence education, ethics and governance, and more, RRI aims to align the 
outcomes of science and innovation with the values of society to address 
the grand challenges ahead. As the following section will discuss, many 
of the objectives and outcomes of RRI also have considerable overlaps with 
the Ten Principles of Citizen Science (ESCA 2015). 
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Science and innovation are key drivers of developed economies and 
social change. This is clear from how the car has shaped the structure of 
cities and transport systems, and how the internet is changing business and 
social relationships. At a time of increasingly pressing challenges — such as 
how to feed a growing world population, take care of an ageing popula- 
tion or tackle climate change — many believe that science and innovation 
will be critical in offering answers. 

However, science and innovation brings downsides as well as ben- 
efits, and the benefits are not spread evenly geographically or socially. In 
some instances, science and technology even challenge ways of life: The 
internet allows companies to produce ‘stateless profit’ while govern- 
ments struggle to fund public services; developments in genetics raise 
questions about the rights of disabled people; and genetically modified 
(GM) crops threaten non-GM or self-sufficient farmers. It is perhaps 
understandable that not everyone is as enthusiastic about science as sci- 
entists themselves. 

Historically, public concerns about science and innovation were 
seen by scientists and policymakers as ‘problems’ to be dealt with through 
more information and education — this is known as the ‘deficit model’ 
(Smallman 2014; Stilgoe, Lock & Wilsdon 2014). For example, in 1986 
the UK’s Royal Society published a report on ‘The Public Understanding 
of Science’ (Bodmer 1986), which claimed that improving the general 
level of public understanding of science was an urgent task, given the 
importance of science in almost every aspect of life. This soon proved to 
be an over-simplification of the relationship between knowledge and 
attitudes, however. For instance, Evans and Durant (1995) found peo- 
ple’s attitudes becoming more polarised when they became more 
informed about a particular area of science or technology. Controver- 
sial topics such as embryology research were seen as more controver- 
sial by those with higher levels of knowledge (Evans & Durant 1995); 
while Brian Wynne (1996) highlighted the existence of ‘lay expertise’, 
describing how Cumbrian sheep farmers’ predictions of how the soil 
would respond to Chernobyl proved to be more accurate than the ‘expert’ 
models. 

In the UK, building on this insight and following public controver- 
sies around bovine spongiform encephalopathy (BSE) and GM crops, a 
new approach to science and society was adopted, notably outlined in the 
UK House of Lords report ‘Science and Society (House of Lords 2000). The 
report heralded in a new era of ‘dialogue’, which aimed to involve the pub- 
lic in two-way communication around science so that the public could be 
assured that their views were taken into account. Various activities fol- 
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lowed involving the public in debates about contemporary science and 
technology, including the UK government-led GM debate (Horlick-Jones 
et al. 2006; Gaskell 2004). 

In Europe and North America, a practice called Participatory Tech- 
nology Assessment (PTA) arose during the 1980s and 1990s (Griessler, 
Biegelbauer & Hansen 2011; Joss & Durant 1995). Participatory Tech- 
nology Assessment is a process (or series of processes) which aimed to 
broaden the knowledge base of decision-making, in order to make politi- 
cal decisions more informed and rational (Abels, 2007). A number of 
European countries took up this approach during the 1980s and 1990s, 
most notably the Danish Board of Technology, which developed and ran 
a series of ‘Consensus Conferences’. The Netherlands also took up the idea, 
organising a consensus conference on genetic modification of animals in 
1993. Such ideas around participation were also taken up more widely by 
the European Commission’s ‘Science in Society’ Framework 7 Programme 
(Owen, Macnaghten & Stilgoe 2012). Joss and Durant (1995b) argue that 
such participatory processes were rooted in this ‘dialogue model’ of the 
public understanding of science, in which the key activity is two-way 
or multi-way communication between scientists and non-scientists, with 
the aim of creating greater mutual understanding, which may or may 
not lead to greater accord between scientists and non-scientists (Joss & 
Durant 1995b). 

For many, this move from deficit to dialogue (or public engagement 
as it became known) remained problematic as the objectives of science — 
and the assumption that science is an inherent public good — went 
unchallenged. Dialogue or engagement allowed the public to voice their 
concerns but this was often in a limited way (Macnaghten, Kearnes & 
Wynne 2005; Wynne 2006) and appeared to have little impact on policy 
(Smallman 2017). As Wynne argues, a perceived deficit in knowledge 
was replaced by a perceived deficit in trust, with two-way communica- 
tion adopted as a new way for science to win public trust, without put- 
ting the objectives and values of the institutions themselves under 
scrutiny (Wynne 2006). 

Drawing on lessons from public engagement, RRI takes up the chal- 
lenge of listening, taking account of public perspectives and scrutinising 
the values of science. It aims to build a form of science and innovation 
that truly reflects wider social needs and values. Indeed, RRI sets out to 
change the purposes that science is put to - moving away from puzzle- 
solving and the ‘Republic of Science’ (Polanyi 1962) view of science as 
serendipitous, unpredictable and specialist, towards a co-productionist 
(Jasanoff 2004) perspective. Here, the visions and values of those doing 
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the research and development are understood to be deeply embedded in 
the knowledge, products and social structures produced. Opening up these 
visions and values to wider perspectives — and allowing the possibility 
that non-scientific stakeholders might occasionally take the reins away 
from the scientists — is key to RRI. This adds new depth to the meaning 
of the Ten Principles of Citizen Science. Public participation in RRI 
means interpreting Principle 1: ‘actively involving citizens in the scientific 
endeavour and creating new scientific knowledge’ (ECSA 2015) as much 
more than allowing citizens to taking part and experiencing science from 
the inside then — it is about citizens working with scientists, policymak- 
ers and innovators to set the agenda, anticipate the consequences and 
work out the best way of making use of, come to terms with or deal with 
science and its implications (see also Haklay; Novak et al. and Nascimento 
et al., all in this volume). To give a sport analogy, it is not just about invit- 
ing citizens to play in the football team, or helping them understand the 
rules of the game, but asking them whether they want to play football at 
all, or whether they would prefer to play hockey or even do some painting 
instead (see also Ballard, Phillips & Robinson and Gold & Ochu in this 
volume). 

A variety of definitions of RRI have emerged (see for instance Owen, 
Bessant, & Heintz 2013; Owen, Macnaghten, & Stilgoe 2012; RRI Tools 
2016; Sutcliffe 2011; von Schomberg 2013). Although each has a slightly 
different focus, they share common features: Firstly, RRI is seen as a way 
to focus research and innovation on societal challenges. Secondly, there 
is agreement that RRI will achieve this goal by: 


(a) ensuring that wider perspectives shape research and innovation by 
involving all relevant stakeholders throughout the research and 
innovation process; 

(b) opening up the values and visions within science and innovation to 
wider debate and influence; 

(c) making sure that research is able to anticipate and respond to risks; 
and 

(d) framing responsibility as a collective rather than individual 
activity. 


RRI advocates believe that the mistakes of the past can be reduced 
by following these principles to ensure that technologies are ‘ethi- 
cally acceptable; socially desirable and sustainable’. (von Schomberg 
2013, 64). 
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The recent EU-funded RRI tools project (www.rri-tools.eu) set out 
to develop this framework beyond a theory and to operationalise RRI. This 
involved identifying and describing case studies to bring the concept to life, 
and developing a set of processes and outcomes to help researchers imple- 
ment this approach. 

The project described RRI as ‘Involving society in science and inno- 
vation “very upstream” in the processes of R&I [Research & Innovation] 
to align its outcomes with the values of society’. It has identified three 
outcomes that RRI projects should be aiming for (see box 17.1 for more 
detail): 


1. Learning outcomes (engaged publics, responsible actors, respon- 
sible institutions); 

2. Research and innovation outcomes (ethically acceptable, sustain- 
able and socially desirable research outputs); and 

3. Solutions to societal challenges. 


A series of process requirements have also been developed to help 
researchers understand how to implement RRI and how to measure their 
progress in this implementation (see box 17.2). Significantly, these out- 
comes, processes and principles are seen to apply to across the spectrum 
of research — from basic to applied research. Some activities might want 
to emphasise some aspects more than others, but RRI is seen as a useful 
tool and necessary approach for all areas of research. 

While these ideas might appear to be challenging, there is growing 
evidence that this approach offers opportunities — not just in minimising 
the risk of future controversies, but in opening up new business models, 
as the case study in box 17.3 illustrates. 

Further to the outcome and process dimensions of RRI, RRI and the 
Ten Principles are mutually reinforcing in guiding citizen science engage- 
ment, processes and outcomes. 


Overlaps with citizen science 


Responsible Research and Innovation’s commitment to openness and 
desire to involve stakeholders in the whole of the research and innovation 
process demonstrates clear overlaps with the practice of citizen science. 
It is important to highlight, however, that there are also clear divergences 
between the two. 
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Box 17.1. RRI outcomes 


1. Learning outcomes 
e Engaged publics 
e Responsible actors 
e Responsible institutions 

RRI leads to empowered, responsible actors across R&I 
systems (researchers, policymakers, businesses and innova- 
tors, CSOs, educators). Structures and organisations should 
create opportunities and provide support to actors to be 
responsible, ensuring that RRI becomes — and remains — a 
solid and continuous reality. 

2. R&I outcomes 
e Ethically acceptable 
e Sustainable 
e Socially desirable 

Responsible Research and Innovation practices strive for 
ethically acceptable, sustainable and socially desirable out- 
comes. Solutions are found in opening up science through 
continuous, meaningful deliberation to incorporate societal 
voices in R&I, which leads to relevant applications of science. 

3. Solutions to societal challenges 

Focus on seven grand challenges: 

e Health, demographic change and well-being; 

e Food security, sustainable agriculture and forestry, marine, 
maritime and inland water research, and the bioeconomy; 

e Secure, clean and efficient energy; 

e Smart, green and integrated transport; 

e Climate action, environment, resource efficiency and raw 
materials; 

e Europe in a changing world — inclusive, innovative and 
reflective societies; 

e Secure societies — protecting freedom and security of 

Europe and its citizens. 

Our societies face several challenges, which the EU has 
formulated as the seven ‘Grand Challenges’ — one of the three 
main pillars of the Horizon 2020 programme. To support 
European policy, the EU requires R&I endeavours to contrib- 
ute to finding solutions for these Grand Challenges. 


Source: https://www.rri-tools.eu/about-rri 
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Firstly, citizen science encompasses a range of different levels of 
engagement, from encouraging citizens to participate in the scientific pro- 
cess by observing and gathering data, up to involving them in the design 
and implementation of scientific projects (Silvertown 2009; and see Novak 
et al. in this volume). Some approaches to simply involve citizen scientists 
in roles such as data collection — for example, classifying galaxies in the 
‘Galaxy Zoo’ project — have been criticised for leaving citizens in passive 
research roles (Mroz 2011) and treating them as free labour rather than 
genuine partners. Questions have also been raised about the quality of 
their input and motivations for being involved (Editorial 2015). Moves 
have therefore been made to improve the support and training of citizen 
scientists and to encourage them to take on more active and in-depth roles 
(see also Nascimento et al. in this volume). 

Such a participatory approach appears to be a cross-over with 
the ethos of RRI, but even with meaningful public participation, vital 


Box 17.2. Process dimensions of RRI 


To reach the RRI outcomes, practising a more Responsible Research 
and Innovation requires that processes are: 

Diverse and inclusive: Involve early a wide range of actors and 
publics in R&I practice, deliberation and decision-making to yield 
more useful and higher quality knowledge. This strengthens democ- 
racy and broadens sources of expertise, disciplines and perspectives. 

Anticipative and reflective: Envision impacts and reflect on 
the underlying assumptions, values and purposes to better under- 
stand how R&I shapes the future. This yields to valuable insights 
and increases capacity to act on knowledge. 

Open and transparent: Communicate in a balanced, mean- 
ingful way methods, results, conclusions and implications to ena- 
ble public scrutiny and dialogue. This benefits the visibility and 
understanding of R&I. 

Responsive and adaptive to change: Be able to modify 
modes of thought and behaviour, and overarching organisational 
structures, in response to changing circumstances, knowledge 
and perspectives. This aligns action with the needs expressed by 
stakeholders and publics. 


Source: https://www.rri-tools.eu/about-rri; 
visit site for summary and more details 
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Box 17.3. RRI in practice: HAO2 - involving citizens 
in technology design 


Hao2 (Hao means ‘good’ in Chinese) is a company that develops 
and sells 3-D virtual environments. As well as the RRI focus on out- 
comes that address the needs of society, its principles of diversity, 
inclusion and engagement, as well as responsiveness and adaptive 
change, form the backbone of the company. 

For example, many people working in the software industry 
have autistic spectrum disorder, but are often expected to work in 
ways and environments that are challenging and uncomfortable to 
them. Nikki Herbertson, founder and CEO of Hao2, noticed how 
staff with autism working in her software company became much 
more sociable in online environments such as the virtual world 
game Minecraft. She therefore investigated the potential of 3-D 
virtual world applications to enable staff to communicate with 
each other. The company involved people with autistic spectrum 
disorder — people who are rarely involved in such a process — in 
developing this new product. They were so successful in their 
approach that that since 2010 the company has entirely focused on 
promoting 3-D virtual world products and services to help organi- 
sations improve services, especially for people with disabilities. 

Hao2’s products are now used in a range of settings, from 
businesses to education, and Hao2 has won numerous awards. 
Hao2 has built a successful company by involving more diverse 
groups than simply the product developers in the process of innova- 
tion, and building RRI into their DNA. Using RRI has also allowed 
Hao2 to build products strongly focused on solving societal prob- 
lems, increasing opportunities for those with autism and other 
complex needs. 


It was quite clear from the outset that the only people that 
could really deliver the insight that we needed from a 
research and development point of view would be people 
with autism. And it was absolutely critical that they were not 
just a focus group, but actually that they were the citizen 
researchers alongside me looking at the options and then 
designing the solutions in a sustainable way. 

Hao2 Founder and CEO Nikki Herbertson 
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questions about power and agenda-setting can remain unanswered (see 
also Novak et al.; Gold & Ochu, both in this volume). Opening up such 
questions to wider scrutiny, debate and participation is key to the RRI 
agenda and is an approach that is being taken on by ‘Extreme Citizen 
Science’ (ExCiteS) (http://www.ucl.ac.uk/excites). 

Unlike ‘contributory’ citizen science, which typically asks citizens to 
participate in scientific data collection and often appeals to those who 
have an interest in, or enthusiasm for, science, Extreme Citizen Science 
opens up participation in all aspects of research — including data collec- 
tion, analysis and agenda-setting — to people from a wide range of back- 
grounds (Haklay 2013). Involving those who are not usually able to 
participate in such activities means that Extreme Citizen Science has the 
potential to open up the range of voices, values and visions directing and 
shaping the scientific ‘project’ and to include wider societal perspectives 
(Stevens et al. 2014). This latter point, particularly if engagement is also 
aimed at encouraging reflection, sharing purpose and anticipating uses 
and risks, offers a key way for RRI and citizen science to work together, to 
develop more responsible and socially relevant science and innovation. 


Developing responsible citizen science - and 
responsible science 


Building on the foundations of Extreme Citizen Science and taking account 
of the ECSA Ten Principles of Citizen Science could bring RRI and citizen 
science closer together to develop a notion of responsible citizen science 
and see its realisation. Wider lessons can also be drawn from the RRI and 
citizen science communities. The projects in boxes 17.4 and 17.5 illustrate 
some of this learning. 


Box 17.4. RRI and citizen science in action 1 - the Swedish 
Challenge Driven Innovation programme 


Challenge Driven Innovation is a research and innovation funding 
programme developed by Sweden’s innovation agency, Vinnova, 
and launched in 2011. It aims to fund collaborations in research 
and innovation that address societal challenges and involve 
partners from different parts of society. 


(continued) 
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To make sure the programme focused on the issues society 
wanted to address, stakeholders were involved from the start of 
the project through consultations and workshops. In this way, par- 
ticipants developed the three principles upon which the funding 
model would be based. 


e Policy issues must be prioritised, and a challenge-oriented 
approach adopted; 

e Subject areas and sectors should be intermixed, so a multi- 
disciplinary approach rather than a traditional focus on 
separate disciplines was adopted; 

e The user perspective must be the starting point for innova- 
tion, thus building an Extreme Citizen Science approach from 
the start. 


With these citizen-developed principles in mind, a series 
of funding calls were launched. All problem-oriented, they placed 
no restrictions on which stakeholders, sectors, research topics or 
disciplines could apply. Instead, they asked for all necessary stake- 
holder groups to be involved — including citizens and end users — to 
allow the projects to address the selected challenges. Examples of 
funded projects include those focused on urban farming, getting 
more people into the labour market, making socially deprived 
areas more attractive and creating meeting places. 

As well as funding projects that focus on real social problems, 
the programme appears to have had other significant impacts. 
Firstly, it has generated a shift in the funding organisation, away 
from an unspoken focus on technical innovations to a much 
broader concept of innovation. This led to the launch of a social 
innovation programme in 2015, which set out to involve civil soci- 
ety members to a greater extent than previous projects. Secondly, 
working practices at Vinnova have also changed as a result of the 
programme. The range of stakeholders who receive funding from 
Vinnova has widened, dialogue and collaboration between offic- 
ers in various departments has increased and the organisation 
has taken up the important focus on societal challenges. 


Source: www.tri-tools.eu; visit site for more details 
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Box 17.5. RRI and citizen science in action 2 - Xplore Health 


Xplore Health (https://www.xplorehealth.eu) is a European edu- 
cational programme aiming to bridge the gap between research 
and secondary STEM (Science, Technology, Engineering and Math- 
ematics) education. 

Originally the project focused on building pupils’ understand- 
ing of the research process through a series of online tools. The pro- 
ject has, however, evolved over time. Inspired by RRI and citizen 
science, it now focuses on empowering secondary school students 
to participate in R&I processes and in R&I decision-making, with a 
focus on making it more ethically acceptable, socially desirable and 
sustainable. It aims to train students to become active citizens of 
the knowledge society, to be able to make informed decisions and 
to contribute to addressing societal challenges. 

With this in mind, Xplore Health combined their online activ- 
ities with an innovative participatory research project, Ment Sana 
(Healthy Mind). Ment Sana is a Community Based Participatory 
Research (CBPR) project, in which educators, learners, research- 
ers and policymakers work together to design and implement 
health interventions for students and with students. 

The project started in 2015 with a needs assessment, where 
students chose the topic of stress and depression from a list of health 
issues and built a collective agenda of interests. Next, a number of 
research projects were designed and implemented in collabora- 
tions between researchers, higher education students and sec- 
ondary school students. These projects culminated in a catalogue 
of recommendations for policymakers, which were presented in 
May 2016 at a final congress with more than 350 students and high- 
level policymakers from the Catalan Government and the NGO 
Federacio de Salut Mental de Catalunya. 

This participatory process gave students the opportunity to 
learn science through science, to develop scientific inquiry, critical 
thinking and engagement skills, but also to consider what important 
questions should be addressed with science — and to help address 
these questions (see also Edwards et al. and Harlin et al. in this vol- 
ume). Participants agreed that the process strengthened both the 
research process and its outcomes, helping to do excellent research 
and find solutions adapted to the needs and expectations of end 
users. Most importantly, the research focus and approach was dra- 
matically transformed by the involvement of citizen researchers. 


Source: www.rri-tools.eu; visit site for more details 
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Conclusions 


Responsible Research and Innovation and citizen science are both emerg- 
ing and developing, meaning that it is perhaps too early to set out a concrete 
path ahead. It is, however, clear that RRI has the potential to deepen inter- 
pretations of and contributions to the Ten Principles of Citizen Science. 
Over the next few years, the following issues are likely to demand attention. 


1. Participation 


How does citizen science involve citizens and reflect their contributions 
in all aspects of research? As well as involving participants at an early 
stage in establishing what science should be done and which questions it 
should tackle, citizens also need to be involved in anticipating possible 
future uses and misuses. Mechanisms exist for doing this — for example, 
the UK’s ScienceWise programme (www.sciencewise-erc.org.uk) has 
developed strong methodologies for involving citizens in discussions about 
new and emerging science. Questions remain about how these approaches 
are incorporated in research. 


2. Agenda-setting 


How does citizen science involve citizens in meaningful discussions of 
current and future research, without their expectations being shaped by 
the values of scientists themselves? Public dialogue activities, for delib- 
erate or accidental reasons, are often shaped by the aspirations and val- 
ues of the scientific community such that public participation in science 
sees citizens co-opted into the ‘world view’ of science and scientists 
(Smallman 2016; Thorpe & Gregory 2010). For instance, the need to 
bring emerging technologies to life for citizens to form meaningful opin- 
ions about them means that scientists’ understandings of these technolo- 
gies become embedded in the minds of the participants, restricting 
possible futures (Smallman 2016). Questions remain about how to 
meaningfully engage citizens in abstract scientific ideas without limiting 
their thinking, in both public and private sector research. 


3. Acting responsibly - and collectively 


How does citizen science develop an idea of shared responsibility that 
takes account of all of the actors and implications of scientific develop- 
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ments? Responsibility has traditionally focused on the roles of the scien- 
tist, their responsibility for their research and the tensions between 
academic freedom and responsibility (see for example Douglas 2003). 
Questions remain about how to promote and enact shared responsibility 
as part of the move to involve wider voices in scientific research. 


Science and innovation are arguably the biggest drivers of change 
in the early twenty-first century (both positive and negative). Such sig- 
nificant levers of power are too important to be left to a small group of 
researchers. For science to reach its full potential, it must be set free of its 
laboratories and take its rightful place — at centre stage in everyone’s lives. 
That means developing a truly responsible approach to science, with citi- 
zens at its heart. 
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Highlights 


e Different models of citizen science (contributory, collaborative and 
co-created) can contribute to different types of conservation out- 
comes. 

e Contributory projects, often with large spatial and temporal-scale 
datasets, may be most likely to contribute to conservation indi- 
rectly via research. 

e Collaborative and co-created projects, which often include inten- 
sive involvement of participants in local conservation issues, may 
be more likely to contribute directly to site and species manage- 
ment, as well as indirectly via education and capacity building. 

e Citizen science project leaders can employ a theory of change 
approach to design and execute citizen science programmes to 
achieve conservation outcomes. 


Introduction 


As environmental problems mount and funding for environmental agen- 
cies continues to decline (James, Gaston & Balmford 2001), citizen sci- 
ence is often seen as a cost-effective alternative for agencies that need to 
routinely gather large amounts of data from diverse locations (e.g., 
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Frost-Nerbonne & Nelson 2004). Citizen science can also have many 
broader conservation outcomes, including social as well as environmen- 
tal benefits. Like conservation biology, environment-based citizen science 
projects have the ultimate goal of advancing understanding of natural 
systems and protecting biological diversity (Dickinson et al. 2012). A key 
difference between traditional conservation biology and citizen science 
is the inclusion of members of the public in collaborative research with 
professional scientists (see Danielsen et al. 2009 re. indigenous knowl- 
edge). The inclusion of the public and the data generated from citizen 
science can be used by decision-makers to impact policy and natural 
resource management (McKinley et al. 2015) and thereby impact con- 
servation outcomes. We further argue that this is most effective when 
citizen science research is closely paired with, and used to inform, envi- 
ronmental stewardship. 

In recent decades, there has been a proliferation in the number and 
variety of citizen science projects with targeted scientific goals aimed at 
gathering large amounts of data to answer questions at scales unattaina- 
ble through traditional methods (Bonney et al. 2014). Other projects may 
also emphasise the impact on volunteers themselves, through explicit edu- 
cational outcomes that may be cognitive, affective and/or behavioural in 
nature (Jordan, Ballard & Phillips 2012; Phillips, Bonney & Shirk 2012). 
The recent dramatic increase in conservation programmes that include 
citizen scientist-collected data (Theobald et al. 2015) suggests that involv- 
ing the public in scientific research may also contribute to conservation 
outcomes. 

Although several typologies have been proposed to capture the 
variety of citizen science projects (e.g., Bonney et al., ‘Public Participa- 
tion’, 2009; Danielsen et al. 2009; Shirk et al. 2012; Wiggins et al. 2011), 
this chapter uses the three-model typology based on participants’ level of 
involvement in the scientific process, first introduced by Bonney et al. 
(‘Public Participation’, 2009) and then refined by Shirk et al. (2012). The 
contributory model of citizen science is researcher-driven and focused 
mostly on large-scale data collection by volunteer participants. It has its 
roots in disciplines that have historically embraced volunteer involve- 
ment such as ornithology (Greenwood 2007), palaeontology (Harnik & 
Ross 2003) and astronomy (Barstow & Diarra 1997). Collaborative pro- 
jects typically originate with researchers but may include input from par- 
ticipants in multiple phases of the scientific process, such as designing 
data collection methods and analysing data. This model has its roots in 
volunteer monitoring, particularly water quality projects in which sharing 
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data with the wider community has the potential to affect local issues 
(Whitelaw et al. 2003). Co-created projects involve participants in all 
aspects of the scientific process including defining research questions, 
interpreting data and disseminating findings (see also Haklay; Novak 
et al., both in this volume). These projects have their origin in participa- 
tory action research or community science initiatives, often aimed at 
addressing public health or environmental justice issues (Fernandez- 
Gimenez, Ballard & Sturtevant 2008). Broadly speaking, none of these 
three models is better or worse than the others, but they may vary in the 
ways in which they contribute to conservation because they differ in 
numbers of participants, intensity of time and commitment required by 
participants, and locus of control in terms of who is setting the research 
agenda. 


Defining conservation outcomes for citizen science 


Despite the recent surge in citizen science projects globally, the contribu- 
tions that all three models of citizen science projects can make to conser- 
vation have only recently begun to be examined (Conrad & Hilchey 
2011; Ballard et al. 2017; Sullivan et al. 2017). Conservation biology as 
a field also suffers from a relative lack of such evidence of impacts. 
According to Margoluis et al. (2013), one reason for the lack of evidence 
is that conservation initiatives are often chosen based on assumptions of 
what might work rather than on proven success in similar contexts. Fur- 
ther, the efficacy of conservation biology initiatives is not often meas- 
ured, and when it is, the processes for documenting and measuring impact 
are seldom shared with other conservation organisations (Margoluis 
et al. 2013). As such, there is significant scope for the field of citizen 
science to add to the evidence base for successful and unsuccessful 
approaches in conservation, and for conservation research to inform 
citizen science practice (see Kieslinger et al. in this volume for more on 
evaluation). In response to the need for conservation organisations to 
better evaluate the conservation impacts of their work (Miller et al. 
2004; Spooner et al. 2015), in 2008 the Cambridge Conservation Forum 
(CCF) developed a conceptual framework to enable organisations to sys- 
tematically evaluate the effectiveness of their conservation activities 
(Kapos et al. 2008). This framework was based on an extensive review 
of current conservation research and the input of 36 conservation 
organisations. The CCF identified seven categories of activity that lead to 
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targeted improvements in the status of species, ecosystems or landscapes. 
Two categories of activity have a direct impact on the conservation tar- 
get — species management and site management — while five influence 
conservation indirectly — research, education, policy, livelihood and 
capacity building. 

Ballard et al. (2017) adapted the CCF framework to examine natu- 
ral history museum (NHM)-led citizen science programmes at three 
NHMs, and found that 59 per cent of programmes contributed towards 
at least one of the conservation outcomes identified by the CCF (see also 
Sforzi et al. in this volume on museums and citizen science). In that study, 
long-term monitoring programmes and those focused on a single site or 
small geographic area contributed most frequently to conservation out- 
comes. Sullivan et al. (2017) also modified the CCF framework to docu- 
ment the ways in which eBird data, a project in which users record their 
own bird observations, were being used in support of conservation sci- 
ence and action. This chapter similarly applies the CCF framework to 
citizen science programmes that represent the three models described 
above, to examine whether, and how, each model may be more or less 
likely to lead to conservation outcomes. This strengths analysis helps to 
identify the most effective features of each model with regards to con- 
servation outcomes, which could potentially be applied to the others. In 
line with Ballard et al. (2017), the analysis combines species manage- 
ment and site management into a single category for the purposes of 
this discussion. Importantly, the programmes analysed here have a vari- 
ety of goals in addition to conservation; conversely, not all conservation 
activities can or should be expected of them. 

This chapter examines three case studies, one for each of the pro- 
ject models, looking first at the evidence of the conservation outcomes as 
defined in table 18.1, which has been adapted from the CCF framework 
(Kapos et al. 2008). It then examines these outcomes for each of the three 
models to consider how citizen science can leverage the strengths of dif- 
ferent types of projects to influence conservation outcomes. This is 
achieved by looking specifically at the relative extent of a project’s out- 
reach; spatial and temporal data coverage; useful data and peer-review 
publications; contributions to knowledge of global systems; leveraging 
of, and contributions to, local ecological knowledge; adaptive manage- 
ment and social capital; and contributions to conflict resolution and 
policy and advocacy. 
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Table 18.1 Definitions of conservation activities (adapted from Kapos 
et al. [2008] and Ballard et al. [2017]). 


Conservation 
activity type Definition and examples 


Direct contributions to conservation outcomes 


Species and Managing species and populations (e.g., captive 
site management breeding); and managing sites, habitats, landscapes 
and ecosystems. 


Indirect contributions to conservation outcomes 


Research Research aimed at improving the information base on 
which conservation decisions are made (e.g., surveys, 
inventories, monitoring and mapping). 

Education Education and awareness-raising to improve under- 
standing and influence people’s behaviour (e.g., 
campaigns, lobbying and educational programmes). 

Policy Developing, adopting or implementing policy or 
legislation (e.g., management plans, trade regulations 
and actions to enforce conservation goals). 

Livelihoods Enhancing and/or providing alternative livelihoods to 
improve the well-being of people impacting species/ 
habitats of conservation interest, (e.g., through 
sustainable resource management, income-generating 
activities, etc.). 

Capacity building Actions to enhance specific skills among those directly 
involved in conservation. 


Comparative citizen science contributions 
to conservation 


This section presents three examples of citizen science projects (table 18.2) 
selected because (1) they serve as representative examples from around 
the world of the three models of citizen science defined above, and (2) 
they are long-standing programmes so evidence of their contributions to 
conservation are readily available on the internet and in peer-reviewed 
literature. It is important to note, however, that these projects are just one 
example of each of the three models, and that the structures, goals and 
topical foci of other projects in each model can vary widely. For example, 
contributory projects are typically focused on a specific taxonomic group 
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Table 18.2 Summary of the three examples 


Conservation 
activity type 
Location (from Kapos 

Project title Model and scope et al. 2008) 
GBIF: Global Biodiversity Contributory Global Research 
Information Facility (see box 
18.1) https://www.gbif.org 
Hudson River Eel Project (EELS) Collaborative Regional Site and species 
(see box 18.2) http://www.dec (New York, US) management, 
ny.gov/lands/49580.html education, 

capacity building 
Community group-led ecological Co-created National Site and species 
restoration (see box 18.3) (New Zealand) management, 
http://www. landcare.org.nz education, 
/Regional-Focus/Manawatu capacity building 


-Whanganui-Office/Citizen 
-Science-Meets-Environmental- 
Restoration 


Box 18.1. GBIF: Global Biodiversity Information 
Facility - contributory citizen science 


Citizen science contributions to GBIF-mediated data 


Kyle Copas, GBIF Secretariat, Denmark 


GBIF, the Global Biodiversity Information Facility (https://www 
.gbif.org), is an open-data research infrastructure for biodiversity 
information funded by the world’s governments. The GBIF network 
supports and enhances capacity for providing free and open access 
biodiversity data by sharing common standards and data formats, 
open-source software and peer-to-peer professional development. 
As such, it fits the contributory model of citizen science. 
Establishing direct connections between GBIF and the CCF 
framework can prove difficult, not least because ‘raw’ species data 
mediated by GBIF are rarely cited explicitly in policy and on-the- 
ground conservation management and protection, even if note- 
worthy exceptions do occur (e.g., Secretariat of the Convention on 
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Biological Diversity 2014; US Fish and Wildlife Service 2014; US 
National Oceanic and Atmospheric Administration 2014). However, 
substantive uses of GBIF-mediated data appear in peer-reviewed 
papers at a rate of more than one a day, signalling that GBIF produces 
clear indirect conservation outcomes through facilitating research. 

An example of GBIF contributions to research is its role in 
GEOBON (Group on Earth Observations Biodiversity Observations 
Network). GEOBON has developed its concept of Essential Biodi- 
versity Variables (EBVs), a minimum set of measurements needed 
to capture and track the major dimensions of biodiversity change 
over time (Pereira et al. 2013). In late 2015, the GBIF Secretariat 
sought to understand how and where citizen science already con- 
tributes to EBVs, and the global agendas they support, by review- 
ing citizen science contributions to species occurrence datasets 
available through GBIF.org. 

The results (Chandler et al. 2017) showed that species occur- 
rence datasets gathered largely or entirely by citizen scientists con- 
tributed up to 349 million of the 640 million species occurrence 
records available through GBIF.org, as of 1 March 2016. The con- 
tributions are uneven across taxa, although citizen science pro- 
grammes account for 70 per cent of all GBIF-mediated records for 
animals and 87 per cent for birds (largely due to eBird data). Citi- 
zen science contributions also show biases at regional and national 
scales (table 18.3). However, placed in the context of the research 
team’s broader finding that fewer than 10 per cent of all relevant 
citizen science programmes contribute data to GBIF, improving 
publishing tools and incentives for citizen science programmes 
could do much to close the large worldwide gap in data sharing. 


Table 18.3 Geographical distribution of occurrences contributed to 
GBIF by regional location of occurrence 


Number of Per cent of total citizen 

Continent occurrence records science contributions 
North America 202,269,978 58.0 per cent 
Europe 119,671,494 34.2 per cent 
Oceania 17,987,545 5.2 per cent 
Central and 4,327,079 1.2 per cent 
South America 

Asia 2,727,302 0.8 per cent 


Africa 1,785,960 0.5 per cent 


Box 18.2. Hudson River Estuary Eel Project - collaborative 
citizen science 


Collaboration between a state agency, local residents 
and schools 


Chris Bowser, New York State Dept. of Environmental 
Conservation, US 


The Hudson River Estuary Eel Project (EELS, http://www.dec.ny 
.gov/lands/49580.html) began in 2008 at two sites on the Hudson 
River, and as of 2017 had expanded to a dozen sites with over 750 
volunteers. American eels hatch in the Atlantic Ocean and drift/ 
swim to the North American East Coast. Many continue their jour- 
ney upstream to fresh water to grow into adults before returning to 
the ocean years later to reproduce. This species is in decline in 
much of its range, and this project provides crucial baseline data 
about the young eel population in the Hudson River. Volunteers 
coordinated by the New York State Department of Environmen- 
tal Conservation (NYDEC) catch and count thousands of juvenile 
American eels (Anguilla rostrata), known as ‘glass eels’ for their 
transparent appearance at this lifecycle stage, each year and release 
them above dams or other barriers to their migration. 

As a catch and release programme, the project also restores 
the migration patterns of thousands of eels by moving eels upriver 
from a dam/obstruction. The EELS primarily involves teachers and 
river-based organisations who use the experience of wading through 
streams with nets and other equipment to provide local high school 
students with authentic science field skills, often over many weeks. 
This is a collaborative citizen science project because, at some sites, 
participants have taken on leadership roles to collaborate with the 
project coordinator from NYDEC over the course of the project’s 
evolution and expansion. In some cases, this involved participants 
modifying aspects of the protocol that were then adopted as new 
methods across sites, and in other cases community-based organisa- 
tions and teachers approached the project coordinator to develop 
and implement a site in their own stretch of the river. 

The contributions to conservation education are documented 
by the teachers integrating the content into their curriculum to help 
students learn about the biology and ecology of this unique species 
and the Hudson River ecosystem. The contributions to site and 
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species management, then, come from the integrated nature of the 
project, where both monitoring and stewardship takes place in tan- 
dem throughout the project. The involvement of the local commu- 
nity and young people, who adopt their own EELS sites and some of 
whom participate for multiple years, also indicates a contribution 
to conservation capacity building as defined by Kapos et al. (2008). 
The project has documented an overall increase in the number of 
eels caught over the monitoring period, increasing from an average 
of 17.5 eels caught per day across all sites in 2008 to 215 eels in 
2016; this may indicate increasing populations, though more infor- 
mation is needed (Bowser 2016; see table 18.4). In addition to 
using nets for catch and release each spring, volunteers and project 
co-ordinators have collaborated to develop low-cost eel ladders at 
several sites, which are made from large plastic tubing and netting 
that allow eels to climb the ladder into buckets where they are 
counted and released up stream during summer months. 


Table 18.4 Total eels caught and eels caught per day as a catch per 
unit effort (CPUE) combined for all sampling sites in that year 


Total CPUE CPUE 

YOY YOY Total Total 

glass glass Total CPUE eels eels 
Year eels eels elvers elvers caught caught 
2008 2,388 16.6 181 1.8 2,569 17.5 
2009 7,740 34.8 430 1.7 8,170 36.5 
2010 10,603 21.6 1,411 3.2 12,014 24.8 
2011 6,964 16.1 1301 3.4 8,265 19.5 
2012 85,166 128.9 1,432 1.9 86,598 130.8 
2013 103,123 188.3 1,647 2.3 104,770 190.6 
2014 49,760 124.9 683 1.5 50,443 126.5 
2015 48,158 114.6 1,298 3.3 49,456 117.8 
2016 142,770 221.5 2,383 3.6 145,153 215.1 
Total 456,672 10,766 467,438 
Average 95.3 2.5 97.7 


Source: Bowser 2016 

Note: In this study, eels are separated into two age classes: young of year 
(YOY) glass eels and elvers. ‘Glass eels’ are just entering the Hudson River 
system in the spring of the sampling year (which includes recently pigmented 
eels in late spring), and ‘elvers’ are fully pigmented eels that have been in the 
Hudson River system for at least a year. 


CITIZEN SCIENCE 


Fig. 18.1 Local students checking eel nets for a daily survey of 


glass eels in a local stream. (Source: Hudson River Eel Project) 


Box 18.3. Community group-led ecological restoration 
network - co-created citizen science 


Grassroots citizen science in New Zealand: Quantifying 
community-led conservation gains 


Monica A. Peters (Hamilton, NZ) and Ngaire Tyson (New Zealand 
Landcare Trust) 


Prior to the thirteenth century, New Zealand’s unique suite of flora, 
fauna and fungi had evolved in isolation with no land mammals, 
other than two species of diminutive bat. A history of land use 
change and the introduction of new biota have had disastrous 
effects on native ecosystems. In response to ongoing threats to 
indigenous biodiversity and continued habitat decline, a recent 
study investigated community group—led monitoring and ecologi- 
cal restoration in New Zealand (Peters, Eames & Hamilton 2015). 
Some 540 self-mobilising groups operate largely independently of 
one another, but identify as a part of a large, loosely defined net- 
work of community-based restoration practitioners, that contribute 
both to active restoration and monitoring through citizen science 
approaches (see https://www.naturespace.org.nz/groups). 
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Contributions to site and species management for conserva- 
tion have been documented at the community group level: Major 
biodiversity gains have been achieved through sustained invasive 
species control or eradication; revegetating cleared land and ripar- 
ian margins with native species; restoring wetland hydrology; and 
translocating threatened species to their former habitats. A recent 
study identified that nearly half of the groups (49 per cent, n = 282) 
carried out their own monitoring or grassroots citizen science, pri- 
marily to determine their restoration management outputs (e.g., 
number of rodents trapped), rather than the conservation outcomes 
of their activities (e.g., increases in desirable avifauna species 
resulting from predator control) (Peters et al. 2016). Contribu- 
tions to conservation research cannot be substantiated currently 
because monitoring results are not widely used beyond the scope 
of the groups’ own projects, owing to differences in data format- 
ting, monitoring methods and objectives, and questions around 
data quality (Peters, Eames & Hamilton 2015). For this reason, 
quantifying community conservation efforts nationally through 
groups’ own data is challenging and needs to be addressed. The 
government’s ambitious ‘Predator Free 2050’ plan to rid New Zea- 
land of key introduced species may support greater co-ordination 
between groups and promote more strategic data collection in the 
future. 

Based on this co-created model, key recommendations for 
countries with dispersed community-led restoration initiatives 
include the following: 


1) Providing greater support from agencies/NGOs and funders 
to promote and support strategic intra-group co-ordination; 

2) Co-funding contractors to work across groups to enable con- 
sistent data collection; and 

3) Using a partnership approach from the outset to design mon- 
itoring programmes that meet the information needs of both 
groups and partners (e.g., a guide is currently being produced 
for the Auckland Council to ensure consistency when council 
staff work with community-based organisations). 
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or geographic region, (i.e., eBird [ebird.org], the Coastal Observation and 
Seabird Survey Team [COASST, https://depts.washington.edu/coasst/], 
and the Monarch Larvae Monitoring Project [https://mlmp.org/]), in 
which participants affiliate with, and contribute to, a specific research 
or monitoring question. In the example in box 18.1, however, the Global 
Biodiversity Information Facility (GBIF) is a global and taxonomically 
inclusive platform to which many citizen science projects contribute. There- 
fore, these three projects simply serve as illustrative examples. Each pro- 
ject is described in a separate box as listed in table 18.2. 

These examples highlight several important points for citizen science 
projects that wish to contribute to conservation. 


1. It is possible to evaluate and document the ways a citizen science 
project contributes to the key conservation activities outlined by 
Kapos et al. (2008), but evidence must be deliberately collected. 
This evidence is often difficult to collect and often requires addi- 
tional funding beyond project implementation alone, which is also 
a challenge for the field of conservation more broadly, as noted 
above. The lack of evidence of conservation impacts in some of these 
citizen science examples may not indicate a lack of impact but that 
projects must devote greater resources to evaluating their own 
activities and outcomes. 

2. Citizen science projects may not only indirectly impact conserva- 
tion through research and education, but also directly through 
site and species management. Both the EELS and the New Zealand 
community-based restoration projects closely integrate steward- 
ship with citizen science activities, through the catch and release of 
juvenile eels, or invasive species controls and revegetation, respec- 
tively. Specifically, volunteers in both projects are trained and then 
implement the scientific monitoring as essential and complemen- 
tary to the direct stewardship activities that impact habitats and 
species. Other citizen science projects are finding success in this 
approach, for example in coastal eelgrass systems where volunteers 
plant eelgrass and monitor it repeatedly in Maine, US. (Disney 
et al. 2017), or when volunteers assess and weigh marine debris on 
beaches and then dispose of it (Thiel et al. 2017). With respect to 
education outcomes, volunteers can gain awareness of the need for 
both scientific monitoring and stewardship actions for enhancing 
long-term conservation of species and habitats and making evidence- 
based management decisions. Importantly, scientists and land 
managers not only benefit from the restoration work on the ground 
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Conservation 
O utco mes global systems coverage Publications Outreach 


Local Adaptive Social Conflict Policy & Conservation 


ecological ; : 
knowledge management capital resolution advocacy Outcomes 


Contributory Collaborative Co-Created 


Understanding of Spatial/temporal Data & Expansive 


Fig. 18.2 Relative strengths of three models 


but also the regularly collected data they need to manage it effec- 
tively. Combining activities in this way means that citizen science 
projects can achieve both short- and longer-term impacts for con- 
servation while fostering volunteers’ passion and commitment for 
conservation. 


. Some models may be better suited for particular activities that con- 


tribute to conservation (see figure 18.2). For example, collaborative 
and co-created projects that facilitate in-depth interaction and 
shared practice among participants and between scientists and par- 
ticipants tend to allow participants to gain a deeper awareness of 
environmental and community-based advocacy issues, and often 
increase trust between scientists and the public (see also Fernandez- 
Gimenez, Ballard & Sturtevant 2008). The local and regional scale 
many of these projects operate in also facilitates the inclusion of 
local expertise and may promote enhanced social capital, adaptive 
management opportunities, improved conflict resolution and pol- 
icy and advocacy initiatives (Fernandez-Gimenez, Ballard & Sturte- 
vant 2008). At the other end of the spectrum, contributory projects 
with larger participant numbers and large spatial and temporal 
coverage tend to produce data that is highly utilised and dissemi- 
nated in peer-reviewed publications (see also Sullivan et al. 2017). 
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Large databases can accommodate a proportion of error while 
remaining high quality, which in turn improves knowledge of global 
systems. 


Improving citizen science contributions 
to conservation 


This chapter provides examples of how engaging the public in conserva- 
tion research can contribute to desired outcomes but questions remain 
about (1) the specific pathways by which conservation goals can be 
reached in citizen science and (2) which models of citizen science best 
support or facilitate each of these pathways. Margoluis et al. (2013) sug- 
gest the use of ‘results chains’ to describe how the implementation of 
project activities and assumptions about how projects operate link to rel- 
evant short- and long-term impacts. Citizen science projects could apply 
this tool alongside the notion of ‘theory of change’ (Weiss 1995), a plan- 
ning and evaluation tool increasingly used in conservation biology, to 
articulate conservation pathways in citizen science. Theory of change 
has its origins in the field of evaluation, and is a graphical representation 
of the process by which clearly identified goals are reached (Weiss 1995). 
Theory of change provides explanatory linkages between project activi- 
ties and outcomes, usually with ‘if... then’ statements, and seeks to 
explain how, and why, the desired change is expected. Developing a the- 
ory of change requires the articulation of assumptions about why certain 
activities will lead to intermediate outcomes as well as the identifica- 
tion of indicators of success for measuring whether intermediate out- 
comes were achieved (see the Center for Theory of Change: http://www 
.theoryofchange.org). Results chains then include evidence of results 
added to the theory of change such that evidence of the specific path- 
ways by which a citizen science project leads to one or more conserva- 
tion outcomes can be properly examined. This would allow the field to 
identify successful strategies for documenting and even measuring inter- 
mediate, but necessary, steps or outcomes that are important for achiev- 
ing ultimate conservation impacts. In fact, systematically and rigorously 
analysing the evidence of intermediary results from citizen science pro- 
jects following Margoluis et al. (2013) could also provide cautionary sce- 
narios for the potential misuse of, or over-emphasis on, citizen science in 
achieving conservation outcomes. While documenting the results chains 
for the specific citizen science projects in this chapter is beyond the scope 
of the chapter, this is a way forward for the field to become more critical 
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of the way citizen science may, or may not, be contributing to conserva- 
tion outcomes. 


Conclusions 


Conservation biology at its core seeks to directly impact biodiversity 
through site and species restoration and preservation (Kapos et al. 2008). 
One of the main lessons from examining a spectrum of citizen science pro- 
grammes is that citizen science, conversely, tends to affect conservation 
indirectly through the application of research findings, education of stake- 
holders, policy changes and individual and community-level actions. 
Direct contributions may primarily occur when citizen science is coupled 
with related restoration and stewardship activities. Although the mecha- 
nisms for how these ultimate conservation outcomes are reached have not 
been well-studied, these indirect pathways may have a significant impact 
on conservation goals. These case studies demonstrate the need for bet- 
ter tracking of the onward use of citizen science data (and indeed any 
research data) for environmental conservation purposes, to ensure that 
citizen science can be targeted where it is most effective or most needed, 
and that its contribution to conservation is recognised. While evidence for 
the conservation outcomes of citizen science is still lacking in many cases, 
more projects are beginning to evaluate conservation outcomes, which 
will help build a better understanding of what structures and approaches 
produce specific intended conservation outcomes. Most importantly, this 
chapter has highlighted the ways each model of citizen science may sup- 
port different types of conservation outcomes. Project designers can there- 
fore take into account the strengths and structures from each model to 
design for the conservation outcomes they seek, as well as explicitly state 
their theory of change and document evidence for the intermediary results 
throughout their projects. 
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Highlights 


Strategic capacity-building programmes have been initiated at 
the European and national scale leading to the development of the 
Socientize Green and White Paper for Citizen Science in Europe 
and the Greenpaper Citizen Science Strategy 2020 for Germany. 
These programmes have broader relevance in informing national 
and supranational programmes elsewhere in the world. 

Capacity building involves five main steps: (1) identifying and engag- 
ing different actors, (2) assessing capacities and needs for citizen sci- 
ence in the setting under focus, (3) developing a vision, missions 
and action plans, (4) developing resources such as websites and 
guidance, as well as (5) implementation and evaluation of citizen 
science programmes. 

Capacity building is an iterative and adaptive process that needs a 
sound engagement of all involved actors from society, science and 


policy. 
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Introduction 


Citizen science builds on long traditions as well as on new developments. 
Collaboration between professional scientists and volunteers committed 
to research is not new and has been practised in various forms for centuries 
(Silvertown 2009). Clubs, expert associations, museums and universities 
have always played a pivotal role in this collaboration (Miller-Rushing, 
Primack & Bonney 2012; Ballard et al. 2017). In recent decades, how- 
ever, the increased specialisation of science and reduced social recogni- 
tion of expertise can be understood as having led to a gap between the 
ideas and activities of citizens and the practice of scientific research 
(Gibbons 1999). As a result, the ambition to open science to citizens 
(again) has developed both in civil society and among scientists, fuelled 
by technical advances (e.g., Mazumdar et al., in this volume) and calls for 
stronger participation in research itself (e.g., Danielsen et al.; Haklay, 
both in this volume; Silvertown 2009; Bonney et al. 2014). 

Today, voluntary participation in science is undergoing a revival 
and the field of citizen science is rapidly growing (Kullenberg & Kasper- 
owski 2016). This has been aided by new means of technology, online 
communication tools, social media and accessible databases and reposi- 
tories (Williams et al., in this volume). The recent trend towards profes- 
sionalisation of citizen science has resulted in the almost simultaneous 
establishment of national and international citizen science associations 
in the United States, Australia and Europe (Gobel et al. 2016) to support 
and advance citizen science through communication, co-ordination, 
knowledge sharing and education (Haklay 2015). Aligned with this, the 
American government has established infrastructures to monitor and 
collect inputs from citizen science for environmental policies (www 
.citizenscience.gov). The European Commission has also reinforced citi- 
zen science by promoting it through their research and innovation pro- 
gramme (Horizon 2020; and see Nascimento et al.; Smallman, both in 
this volume) and developing and supporting targeted citizen science 
activities and capacity-building programmes (e.g., citizens’ observato- 
ries, Socientize). In addition, several landmark reviews and guides aid- 
ing practitioners in the establishment of citizen science have been 
released, often led by UK scientists (Roy et al. 2012, Unit 2013, Pocock 
et al. 2014b). As citizen science is becoming more formalised and widely 
accepted in both science and society, capacity building paired with politi- 
cal commitment is now required to support its potential (Newman et al. 
2012). Capacity building refers to a framework for individuals and organ- 
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isations, which focuses on process-orientated goals to strengthen and 
maintain the capabilities to set and achieve their own development objec- 
tives over time (Eade 1997; UNDP 2009). 

This chapter presents key findings from capacity-building pro- 
grammes at the European level and in Austria and Germany. It show- 
cases capacity development for citizen science in various settings and 
synthesises key experiences and outputs of strategic citizen science 
development. The chapter therefore distils the principles of citizen sci- 
ence capacity building to inform capacity building elsewhere, illustrating 
the current political dimensions of citizen science in Europe to draw out 
key lessons that could also be applied in other contexts beyond Europe. 


Socientize: White Paper on Citizen Science for Europe 


Socientize (2012-2014) was a consortium project initiated by the Euro- 
pean Commission under the Directorate General for Communications 
Networks, Content & Technology (DG CONNECT) and co-ordinated by 
the University of Zaragoza with other institutions from Spain, Portugal, 
Austria and Brazil. It was influential in increasing recognition and appre- 
ciation of citizen science research experiments. The main aim of Socien- 
tize was to co-ordinate actors involved in citizen science to set the basis 
for a new open science paradigm in the framework of current citizen 
science development in Europe. Socientize presented the added value 
of collaboration and knowledge sharing through digital tools by involv- 
ing some 12,000 citizens in a range of science projects from mapping flu 
outbreaks and labelling images of cancer cells to collective music crea- 
tion (Lanza et al. 2014). Socientize created a multi-channel platform for 
discussion and developed Green and White Papers on Citizen Science 
for Europe, applying an open, iterative and inclusive approach. Within 
its first year, the Green Paper (Socientize 2013) presented an analysis 
and mapping of citizen science projects, and identified ongoing pro- 
grammes and initiatives paying special attention to researchers outside 
academia. These trends were analysed, best case studies were pro- 
moted, and cross-cutting concerns and draft policy options addressed 
key areas in need of change. A wide audience was reached through 
common digital technologies such as YouTube, Google Hangouts and 
WordPress forums as well as more specific collective intelligence tools 
such as allourideas, Thinkhub or LimeSurvey. Socientize also ran a 
number of virtual workshops, moderated open consultations with ques- 
tionnaires and facilitated online discussions. 
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The later White Paper (Socientize 2015) included proposed actions 
and measures to address the key challenges of science-society-policy 
interactions. Arranged at the macro-, meso- and micro-levels, these cor- 
respond to strategies for policymakers and science funders, and recom- 
mend plans for citizen science mediators and facilitators as well as actions 
for citizen science practitioners (table 19.1). 


Table 19.1 Actions and measures of the White Paper on Citizen 


Science for Europe 

Actions Measures 

Targeted Designing funding schemes and launching 

funding programmes specific to citizen science. Targeted calls 


will achieve a broader uptake and will keep established 
networks and systems going. Programmes should 
contribute to a deeper analysis of citizen science 
practices and outcomes. 


Mainstreaming Embedding citizen science into existing funding 

citizen science schemes. Like science communication, citizen science 
should become an integral part of ongoing scientific 
activities. Research should be given greater credit for 
the inclusion of citizen science strands covering 
multiple disciplines, addressing the public’s needs 
and concerns. 


Education Updating educational programmes to promote and 
recognise new forms of community engagement and 
digital skills in the curriculum. 


Evaluation and Expanding current academic reputation systems and 


assessment evaluation criteria to account for social impact and 
engagement. 

Access to Broadening access to technology and improving the 

technology systems required to make the most of the power of 


networked communities, paying special attention to the 
digital divide in Europe. 


Data policy Clear ethical guidelines are needed for EU-wide data 
policy. Stakeholders are asked to share public datasets 
and research data infrastructures (to promote quality, 
reliability, interoperability of data) as well as data 
handling tools and methods (such as algorithms, 
descriptive, predictive, visualisation, decision-making). 
This requires attention to intellectual property rights, 
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Table 19.1 (continued) 


Actions Measures 


fundamental personal data protection rights, ethical 
standards, legal requirements and scientific data quality. 


Dissemination All strategies and policy actions must be communicated 
and support by providing appropriate knowledge-based guidance. 


Source: Socientize 2015 


The White Paper recommendations led to the establishment of 
the European Citizen Science Association (ECSA, www.ecsa.citizen 
-science.net) and were endorsed and embedded in ECSA policy develop- 
ment. High-level guidance and support on road mapping was presented 
to the European Commission, member states, local and regional authori- 
ties, and private actors. The White Paper provided the basis for several 
actions and policies related to public engagement in science directed by 
the European Commission (e.g., in the Science with and for Society pro- 
gramme 2018-2020). Currently, Socientize is run and supported by the 
Ibercivis Foundation, which is coordinating the Spanish national citizen 
science platform (www.ciencia-ciudadana.es) and developing the co- 
creation of citizen science road mapping in Spain. 


Osterreich forscht: Development of citizen science in 
Austria 


In Austria, capacity building for citizen science is closely connected with 
two comprehensive citizen science initiatives: the establishment of the 
online platform Osterreich forscht (www.citizen-science.at) and the Center 
for Citizen Science (www.zentrumfuercitizenscience.at/en/citizen-science). 
Two national citizen science funding schemes were initiated, namely 
Sparkling Science by the Federal Ministry of Science, Research and 
Economy (BMWFW) and Top Citizen Science by the BMWFW together 
with the Austrian Science Fund. The platform Osterreich forscht is an 
independent, bottom-up initiative managed by early career researchers 
at the University of Natural Resources and Life Sciences (BOKU), Vienna. 
It was launched in March 2014 to connect Austrian citizen science actors 
from different disciplines and institutions. Since 2016 the platform has 


CAPACITY BUILDING IN CITIZEN SCIENCE 


273 


274 


been financially supported by BOKU, which has led to the formation 
of the Citizen Science Network Austria (CSNA, www.citizen-science.at 
/netzwerk). Since summer 2017, Austrian institutions (NGOs, universi- 
ties and companies) have now formally expressed their commitment to 
citizen science in a joint Memorandum of Understanding of the CSNA. 
The CSNA aims to further develop citizen science in Austria, secure and 
foster quality and method development, publicise projects to interested 
publics and enhance dialogue between different actors. The first Austrian 
citizen science conference was held in Vienna in 2015, organised by the 
team of the platform initiators. The conference is now an annual event 
and connects scientists working in, or about, citizen science and enables 
citizens to connect with project managers. Until 2016, most curation of 
the platform has been done on a volunteering basis by two people com- 
mitted to spend a great amount of time into the curation. In 2016, it had 
38 different citizen science project partners from more than 30 different 
institutions (Pettibone, Vohland & Ziegler 2017). As a bottom-up initia- 
tive, the partners meet annually to decide on tasks for the upcoming 
year in a democratic way to integrate all views. To do so, they use the 
following guidelines: 


e Decisions on management and development of the platform are 
taken by all platform partners. 

e Platform partners can participate in the creation of content on the 
platform, such as writing and publishing articles and news about 
their projects. This fosters cohesion and ownership of the platform. 

e The annual Austrian citizen science conference is hosted by differ- 
ent platform partners each year. This helps to integrate and estab- 
lish citizen science in the different host institutions by (a) raising 
awareness about participation in science with new stakeholders 
and (b) allowing the host institution to choose a special focus for 
the conference through which it becomes more involved in the 
platform development. 
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The Austrian Center for Citizen Science was initiated by the 
BMWEFW as a top-down approach and was established at the Austrian 
Agency for International Cooperation in Education and Research 
(OEAD) in June 2015. It aims to be an information and service centre 
for researchers, citizens and experts from different disciplines, and to 
establish links with interested communities beyond Austria. Six Aus- 
trian universities now refer to citizen science as an important part in 
their service agreement with the BAWFW. 

Thanks to these two initiatives, the term ‘citizen science’ is now 
established not only in Austrian science communities, but also in the 
media and research policy. Future steps for capacity building in citizen 
science in Austria could include funding long-term citizen science pro- 
jects and networks, as well as fostering science awareness in the general 
public. 


GEWISS: Developing a citizen science strategy for 
Germany 


The ‘Citizens Create Knowledge’ (GEWISS) capacity-building programme 
was funded by the German Federal Ministry of Education and Research 
(BMBF) aiming to strengthen citizen science capacity in Germany through 
a series of capacity-building activities. The objectives were to build a 
strong German citizen science community network, to assess the current 
state and needs of citizen science in Germany and — building on this — to 
develop the Citizen Science Strategy 2020 for Germany (Richter & Pettib- 
one 2014; Bonn et al. 2016). GEWISS employed a modular programme 
with the following steps: 


e Workshops for networking and capacity needs assessment: Organi- 
sation of more than 10 national dialogue forums hosted by different 
partners, including a high-profile think-tank, to identify the needs 
of citizens and researchers, connect diverse actors working or inter- 
ested in citizen science and engage decision-makers and funders 
(Richter et al. 2017). 

e Resource development: Development of technical and organisa- 
tional resources to develop guidelines for citizen science (Schier- 
enberg et al. 2016), three film clips (e.g., www.youtube.com/watch 
?v=cElkpXLkGbo) and three training workshops (for reports, see 
www.buergerschaffenwissen.de). 
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e Online platform: Collaboration with projects to develop an online 
platform to increase their visibility, enhance public awareness and 
allow citizens to link with each other (www.buergerschaffenwissen 
.de). 

° Strategy development: Development of the Greenpaper Citizen Sci- 
ence Strategy 2020 for Germany through the GEWISS workshops, 
moderated online consultation with 1,000 online visits and over 50 
formal position papers from civic society and science organisations 
(Bonn et al. 2016). 

e International conference: Hosting the first European citizen sci- 
ence conference in Germany in collaboration with ECSA (www 
.ecsa2016.eu). 


The development of the Citizen Science Strategy 2020 for Ger- 
many was the central strategic policy instrument of the GEWISS pro- 
gramme (Bonn et al. 2016). The core of the strategy development was 
the combined dialogue forum input from 10 workshops with over 700 
participants from 350 organisations, including scientific institutions, 
environmental groups, informal science clubs, science shops, funding 
organisations, state and federal agencies, and local interest groups 
(Bonn et al. 2016; Richter et al. 2017). This was followed by a six-week 
online consultation with over 1,000 website visitors and over 400 com- 
ments submitted on the draft of the Green Paper as well as over 50 for- 
mal position papers from civic society and science organisations. The 
open, iterative and transparent consultation process was important to 
facilitate ownership of various stakeholder groups by including their 
perspectives directly both in the strategy development and implementa- 
tion. The Green Paper presents aims, potentials and challenges of citi- 
zen science in Germany with five visions of citizen science (table 19.2). 
The strengthening, establishment and integration of citizen science into 
science, society and policy were identified as core fields, alongside 
potential actions for each. Next steps ideally include translation into 
action plans by the different interest groups (Bonn et al. 2016). 
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Table 19.2 Priorities and visions for citizen science in Germany 


(Bonn et al. 2016) 


Priorities for 
citizen science 
in Germany 


In the year 2020, citizen science in Germany is... 


Integration 


Empowerment 


Recognition 


Participation 


Innovation 


. .. an integral part of social and scientific debates, and 
an approach that brings benefits for science, politics and 
society. At the same time, the various forms of participa- 
tion — from co-operation to the active co-design and 
active co-production of research — are valued, recognised 
and lived in science, society and politics. 


. .. an important part of citizens’ lives which enables 
individual, formal and informal learning, empowers 
citizens to participate in research processes and allows 
them to engage with science. 


. . . a scientifically accepted, established and practised 
research approach which puts both participatory and 
transdisciplinary research into practice and unleashes 
innovative potential in research processes by including 
a wide range of knowledge sources and extensive 
participation. 


. . . a politically accepted process of citizen participation 
for the generation, quality assurance and dissemination 
of knowledge and an expression of participation and 
encounter between science and society that is supported 
and sponsored by policy. 


. . . a participation format characterised by the use of 
web-based infrastructures which — as trustworthy 
environments that are in compliance with data protec- 
tion regulations — promote knowledge exchange and 
co-operation in the context of citizen science projects. 
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The Green Paper was launched and presented to the German Min- 
istry of Research and Education (BMBF) during a high-profile event in 
Berlin in March 2016. Based in part on its recommendations, the German 
Ministry launched a new funding scheme for citizen science projects 
in summer 2016. The call resulted in over 300 project proposals (BMBF 
2017), which is one indicator of the growing capacity for citizen science 
in Germany as a result of the above initiatives. 


From experiences to principles of capacity building 
in citizen science 


The examples of capacity-building processes for citizen science presented 
above demonstrate capacity building at both individual and organisational 
levels. Building on UNDP recommendations (UNDP 2009), five critical 
steps to capacity development in citizen science can be identified (fig- 
ure 19.1), which are ideally consecutive and iterative. 


1) Actor engagement 


First, actors are identified to include diverse interests related to citizen sci- 
ence: scientific enquiry, education, public engagement and more. Actors 
are approached in different ways, for example, through online platforms, 
face-to-face meetings and networking opportunities. The goal is to build 
a setting where individuals and key groups can share their experiences, 
learn from each other and build a shared identity. The strength and 
breadth of actor engagement drives the quality of the subsequent discus- 
sions and outcomes. 


2) Capacity and needs assessment 


The actors assess each other’s capacities, based on current activities, 
shared goals (see Robinson et al., this volume) and community needs. 


3) Visions, missions and action plan(s) 


Actors formulate visions for the development of citizen science. This 
can include defining the goals of citizen science within the community, 
establishing guidelines and developing a strategy or action plan, for 
example, in a Green Paper followed by a White Paper (Socientize 2015; 
Bonn et al. 2016; Pettibone et al. 2016; Richter et al. 2017). 
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4) Resource development 


A response plan is implemented building on the action plan, including the 
creation of funding opportunities, the development of tools and guide- 
lines, and provision of training and educational material to publicise and 
improve the quality of citizen science. 


5) Evaluation 


Finally, the implementation is evaluated and reflected on to foster further 
development. 

The nature of citizen science activities means that capacity building 
takes place at all geographical levels, from local to regional to national 
and international scales. Crucially, strategic capacity building comprises 
the development of policy instruments to frame citizen science in science 
and policy, and to further develop citizen science as an integral compo- 
nent of the science-society interface. In each setting, forums for discus- 
sions and other opportunities for participation are needed to bring 
perspectives from science, society and policy together. These discussions 
help to improve visibility of existing activities and assess the state and 
needs of citizen science actors corresponding to steps 1 and 2 of the 


l 
Engage all stakeholders 
& enhance visibility 
of CS activities 


V Il 
Evaluate CS capacity Assess CS capacity 
development assets and needs 


Capacity 
building in 
Citizen Science 


Ill 
IV 
Produce resourcë Develop CS visions & 


and implement action 
framework 


missions and an action 
framework 


Fig. 19.1 Steps towards capacity building in citizen science. 
(Source: Adapted from UNDP 2009) 
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capacity development cycle (figure 19.1). The developments of Green 
and White Papers in the policy area are instrumental in helping enhance 
governance structures and developing organisational structures and 
frameworks, corresponding to step 3. The implementation and develop- 
ment of practical resources such as guidelines was accomplished by sup- 
porting the development of new citizen science-funding schemes, both 
nationally and internationally, corresponding to steps 4 and 5 (figure 19.1). 
The first criteria for assessing citizen science projects and aid funding 
scheme development have recently been suggested (Kieslinger et al. 
2017). However, the true evaluation of capacity-building programmes 
can probably only take place in a few years so that it can assess the sus- 
tainability of measures undertaken and the long-term implementation of 
action frameworks as outlined (table 19.3). The facilitators of capacity- 
building programmes either obtain their mandates from the ‘top’ (pro- 
grammes which are therefore attached to overarching policy goals) or 
they are developed as a result of vision from the ‘bottom’ via volunteer 
teams, existing project members or a consortium of institutions (reflect- 
ing the shared needs of a community). Both approaches are appropriate 
depending on the context, and the case studies presented show that 
either approach can engage citizen science projects, non-governmental 
organisations and governmental authorities, local, regional and interna- 
tional organisations, as well as interested individuals in developing and 
advancing citizen science. This in itself can be considered an important 
milestone for achieving steps 1 and 2 of the capacity development cycle 
(table 19.3). 


Lessons learned from capacity building 
in citizen science in Europe 


The most important lesson from capacity-building programmes is the 
need for in-depth understanding of prospective stakeholders and impor- 
tant actors in citizen science. Citizen science is a broad field and actors 
share different goals and approaches. This heterogeneity is seen by some 
as incompatible with understandings of citizen science; by others, this is 
welcomed as a rich diversity of citizen science. Sensitivity is therefore 
required within emerging communities as they develop more concrete 
plans and strategies, to ensure that the diversity of approaches is accu- 
rately represented and supported. Scientific actors are often the easiest 
to reach, as they can participate in capacity-building efforts as part of their 
paid work. Other stakeholders might be reached consistently, but to a 
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lesser extent. For example, educational actors, who engage in citizen sci- 
ence projects in curricular or extracurricular activities (Richter et al. 2016; 
Makuch et al. this volume) or policy actors whose statutory monitoring 
requirements are fulfilled by citizen science data (Nascimento et al; Parker 
et al., both in this volume), have only recently coalesced into identifiable 
stakeholder groups. 

Other groups and entities that bridge science and society, such as 
science communicators, environmental groups or science jobs, that is, 
independent and participatory research support taking up concerns of the 
society (www. livingknowledge.org), might be reached through attend- 
ance at conferences. Participants can rarely be engaged in centrally organ- 
ised daytime meetings, but possibilities to engage them can be harnessed 
through online tools, consultations and open discussions at science shops, 
museum events or via exhibition stands at public events. 

Individuals who live in deprived communities or people with a dif- 
ferent cultural background as well as unemployed individuals and/or 
individuals with formal education have yet to be included more specifi- 
cally as stakeholders in most capacity-building programmes, and steps are 
needed in this direction to foster even broader societal integration. Citi- 
zen science should also harness the opportunity to learn from, and build 
on, experiences in other networks, such as participatory health research 
or science shops, which have gone through the same capacity-building 
processes. Capacity building for citizen science is a highly political pro- 
cess enabled by participants from science, society and policy communi- 
ties. Therefore, strong, integrative capacity-building processes can foster 
the development of appropriate policies and support schemes for citizen 
science in the future. 


Final remarks 


The chapter presented the functionality and mode of operations of capac- 
ity building for citizen science and provided insights into the practice of 
the processes involved in capacity building in Europe and at the national 
level (Austria and Germany). Steps and activities established and imple- 
mented showcased how people, governments, international organisations 
and non-governmental organisations are needed as partners and actors 
for the development of capacities for citizen science. The capacity build- 
ing as presented in the case studies improved governance structures and 
developed organisational structures and frameworks to strengthen and 
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enhance citizen science, and hopefully encourages other initiatives at 
local, regional or national level to foster engagement in policy-making 
related to citizen science. 
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Highlights 


Environmental protection agencies (EPAs) in Europe and the United 
States are increasingly making use of citizen science for environ- 
mental protection, including engaging the public and awareness- 
raising, empowering action by communities, monitoring and data 
collection, and providing sound evidence on which to make decisions. 
To increase the impact of citizen science for environmental protec- 
tion, improvements are needed in data management and infrastruc- 
ture support, communication of data quality, sensor development 
and communication with citizen science data providers. 
Innovations in technology and organisational practices are enabling 
a citizen-agency dialogue based on good data and feedback on use 
of evidence. Citizen science has the potential to transform environ- 
mental protection by inviting the public to work with agencies to 
generate knowledge and find solutions. 

Effective case studies include citizen scientists acting as an agency’s 
‘eyes and ears’ (see box 20.2, Improving the effectiveness of senti- 
nel systems: Irish Environmental Protection Agency) in addressing 
local environmental matters, including identifying environmental 
concerns for additional research and action (see box 20.3, Regula- 
tory action spurred by citizen science: The Clean Air Coalition of 
Western New York and Tonawanda Coke Corporation); Promoting 
environmental education in schools (see box 20.4, The Enviréza 
school programme); and further legitimising the high-level strate- 


gic delivery of a responsible authority’s environmental protection 
mandate (see box 20.1, From Opportunism to a Strategic Approach: 
Scottish Environment Protection Agency [SEPA]). 


Introduction 


Citizen science has the potential to transform environmental protection 
by involving the public in work with agencies to generate knowledge and 
find solutions (Shirk & Bonney; Ballard, Phillips & Robinson, both in this 
volume). Environmental protection agencies are increasingly turning to 
citizen science to assist in the achievement of environmental protection 
(Hindin 2016; NACEPT 2016); and innovative technology is enabling 
more citizen-agency dialogue and feedback on use of evidence (Wiggins 
& Crowston 2015; Novak et al. in this volume). Environmental protec- 
tion agencies in Europe and the United States have protection of the envi- 
ronment as their primary responsibility. In addition to that overarching 
mission, key policy drivers often include encouraging the wise use of 
resources, protecting public health and enabling sustainable economic 
development. This policy balance is critical, particularly as defining sus- 
tainable economic growth in an environmental context can be challenging, 
especially in respect of resource use and disposal of waste. Environmental 
protection agencies rely heavily on good-quality evidence about the health 
of ecosystems, pressures on these natural resources and the effectiveness 
of regulatory and other interventions. This chapter demonstrates that 
citizen science has an increasingly important role in providing evidence, 
raising environmental awareness and empowering the public (Nascimento 
et al.; Smallman, both in this volume). The case studies as presented reflect 
examples of how EPAs are increasingly making use of citizen science to 
engage the public in environmental issues and provide sound evidence 
on which to make decisions. 


Citizen science and community science 


Citizen science is incredibly diverse (Wiggins & Crowston 2015), and the 
diversity of citizen science approaches is evident when looking at the 
types of projects that EPAs are involved in; these include air and water 
quality monitoring, collection of baseline data and identification of hot- 
spots, networks of sensors, environmental justice efforts, educational pro- 
jects, public engagement and more (boxes 20.1 to 20.4; NACEPT 2016). 
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The diversity of environmental citizen science is reflected in 
how - and by whom - projects are initiated and implemented. Often, citi- 
zen science projects are contributory in nature in that they are initiated 
and defined by an institution or researcher within an institution (such as 
an EPA), who then solicit input and participation from members of the 
public (boxes 20.1, 20.2 and 20.4; see also Novak et al.; Ballard, Phillips 
& Robinson, both in this volume). For example, the volunteer rainfall 
observation network in Scotland is driven by the objectives of the hydro- 
metric network in the Scottish EPA and UK Meteorological Office. Although 
EPAs often initiate and implement projects that directly support the pri- 
orities of the agency, they also often encounter projects that are initiated 
and defined by the goals of community members, who may work indepen- 
dently or in collaboration with scientists but maintain ownership over 
the entire scientific process (Dosemagen & Gehrke 2016). Although this 
chapter includes these projects in the definition of citizen science, the 
terms ‘community science’ (e.g., Dosemagen & Gehrke 2016) or ‘commu- 
nity citizen science’ (e.g., NACEPT 2016; Chari et al. 2017) are also used 
to describe this type of project. The Angler’s Riverfly Monitoring Initia- 
tive in the UK (The Riverfly Partnership 2017) is one example where an 
interested and concerned community group has acted as the main driver 
for monitoring environmental quality. Community goals are usually rooted 
in a specific environmental issue and often related to environmental jus- 
tice; most often, communities identify a local environmental issue, work 
to understand that issue, and then use that understanding to advocate for 
improvements to local environmental and human health. The goals of 
these projects can include increased regulation and enforcement of vio- 
lations, and communities often approach EPAs or other government 
organisations for help in achieving their goals (box 20.3). 


Uses of citizen science by EPAs 


Analysis of citizen science initiatives among EPAs in the European EPA 
Network and in the United States reveals several principal goals. 


Education and awareness-raising 


Many projects emphasise the value of environmental education and sci- 
entific literacy for both children and adults, especially in providing par- 
ticipants with an understanding of the places where they live and work 
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(Haywood 2013; Newman et al. 2017). Citizen science also supports a 
shared understanding of the importance of environmental protection. 
There are many current examples of EPAs encouraging citizen science 
activities to raise awareness of environmental issues such as the identifi- 
cation of contaminated land sites in Slovakia (see box 20.4: Enviréza 
school programme), the recording of invasive riparian plants in Scotland 
(Plant Tracker) and the mapping of toxic algal blooms by the South East 
Alaskan Tribal Toxin partnership in the United States (NACEPT 2016). 
Participants of citizen science projects often also educate their local com- 
munities. For example, both students and teachers that participate in the 
Enviréza school programme are able to share their knowledge of contam- 
inated sites with their families and communities (see also Peltola & Arpin 
in this volume). 


Empowering action by communities 


Knowledge and evidence of environmental issues can be powerful moti- 
vators for community action to directly address an issue or exert pressure 
on governments to take action or reprioritise resources (box 20.3). For 
example, litter data from organised litter picking campaigns such as 
20 years of data from the UK Marine Conservation Society’s Beach Clean 
(Marine Conservation Society 2018) empower communities to conduct 
dialogue with sewage treatment companies and manufacturers of litter- 
related products. Similarly, the Great Nurdle Hunt is a citizen science 
project organised by an environmental charity in North East Scotland 
which collects data on the prevalence of nurdles, pre-cursor plastic pel- 
lets, in the strandline of beaches (FIDRA 2018). This simple monitoring 
scheme has now extended across the UK and parts of Europe. The evi- 
dence of nurdle pollution has led to Operation Clean Sweep (OCS), an 
international programme originally designed by the plastics industry 
and supported by The British Plastics Federation and PlasticsEurope. The 
OCS manual provides practical solutions to prevent loss for those who 
make, ship and use nurdles with the key message that good handling 
practice can easily reduce pellet loss. 

Citizen science can also contribute to positive interactions between 
EPAs and the public (see also Sforzi et al. in this volume). Beyond educa- 
tion and data collection, citizen science can allow for the development 
of a shared agenda with members of the public for environmental pro- 
tection. Encouraging public input and open collaboration and responding 
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to community concerns means that EPAs demonstrate a commitment to 
serving the public and investigating their concerns and priorities. Citi- 
zen science can thereby provide opportunities for local, regional and 
national action that will improve environmental protection — from indi- 
vidual action to national policy. This facilitating role for citizen science 
can be beneficial for both members of the public and EPAs, which gain 
recognition of their environmental protection mandate through public 
participation. 


Monitoring and data collection 


Generally, data generated through citizen science has been met with scep- 
ticism by professional scientists and policymakers (Kosmala et al. 2016; 
Bonney et al. 2014), but recently more EPAs have come to regard such 
data as potentially contributing significantly to evidence needs. Volunteer 
monitoring has a long history in EPAs — in the case of rainfall measure- 
ment, this extends as far back as the early twentieth century. Other 
examples include discerning biological indicators of water quality and 
pollution incident recording. In some cases, as in rainfall observing, the 
quality of data recording has consistently met recognised quality stand- 
ards over many decades; in other cases, the quality of data has improved 
markedly over the past two decades (Crall et al. 2011). Furthermore, mod- 
ern sensor technology has enabled more technically demanding meas- 
urements by interested members of the public, as in recent air quality 
monitoring surveys in The Netherlands (see also Volten et al. in this vol- 
ume). This data is proving to be genuinely useful to the relevant Dutch 
environmental authority (Snik et al. 2014). 

Citizen science can invigorate environmental research by generat- 
ing data that allows for a deep understanding of environmental quality 
and environmental issues (Hampton et al. 2013). Citizen science is 
uniquely suited to some areas of research and in some cases it is the only 
option. For example, by harnessing the contributions of people all over 
the world over long time periods, citizen science can provide datasets 
with rich complexity over space and time (McKinley et al. 2015). Citizen 
science can also fill in gaps in environmental information, including 
issues that are currently not regulated, such as the emergence and spread 
of invasive non-native species (see also Nascimento et al. in this volume). 
Finally, citizen science can allow EPAs to better understand priority issues 
like climate change. For example, Evolution MegaLab invites the public 
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to record phenotypic variation in garden snails hypothesised to be 
driven by temperature changes and regional climate change (Evolu- 
tion MegaLab 2018). 


Influencing decision-making and policy 


Although the link between public participation in environmental activi- 
ties and policy-making is not well established (see also Nascimento 
et al. in this volume), the connection to decision-making in EPAs has 
become stronger in recent years (McKinley et al. 2015; Haklay 2015; 
McElfish, Pendergrass & Fox 2016). Public campaigns backed by evi- 
dence generated through citizen science can strengthen their influence 
on government, national agency and local authority policy-making and 
policy implementation. Examples from the European EPA Network 
include air quality strategy in The Netherlands (see Volten et al. in this 
volume), controls on the fly-tipping of waste (for example ZeroWaste 
Scotland) and many more (see boxes 20.1 to 20.4). Citizen science 
approaches can be a powerful tool for identifying emerging issues and 
developing solutions through new knowledge generation, for example, 
in water resource management and the assessment of human impacts 
in remote regions (Buytaert et al. 2014). The approach can be espe- 
cially useful in crisis situations when community or advocacy groups 
work to initiate government action on a specific issue (Conrad & Hilchey 
2011; box 20.3). 


Advantages and challenges 


Citizen science is cost-effective, but it is not free (Shirk & Bonney 2015; 
see also Danielsen et al. in this volume). However, investment in citizen 
science can have significant impact and progress can support citizen sci- 
ence contributions to environmental protection (Geoghegan et al. 2016; 
NACEPT 2016), especially when that investment helps maximise the 
advantages of citizen science and overcome the following challenges. 
For many of these advantages and challenges, the European Citizen Sci- 
ence Association’s Ten Principles of Citizen Science are a useful guide 
(ECSA 2015). 
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Data management and infrastructure support 


Many citizen science initiatives suffer from a lack of infrastructure to effi- 
ciently hold, manage, analyse and interpret citizen science data. This is 
true especially where resources are limited, which particularly includes 
community initiatives. This has hampered the usefulness of many citizen 
science projects where the aggregation of data is of key importance (see 
Williams et al. in this volume). Environmental protection agencies can 
help by providing resources to enable the construction of data manage- 
ment tools and facilitating their use, or by providing easy access to tools 
that are already available. The Scottish EPA is addressing this by devel- 
oping a web-based platform for handling citizen science initiatives (box 
20.1). Investment in data management tools will greatly improve the 
potential for data sharing between projects and between projects and 
agencies (see also Sforzi et al. in this volume). 


Communication of data quality 


EPAs and other institutions are often reluctant to accept and use citizen 
science data due to an implicit assumption that citizen science data is 
inherently of lower quality than traditional science data (Kosmala et al. 
2016; Bonney et al. 2014). There are several strategies to ensure appro- 
priate data quality to enable the use citizen science data for environmental 
protection (see also Williams et al. in this volume): 


1. Citizen science projects can integrate multiple mechanisms to 
ensure high-quality data from participants (Wiggins et al. 2011; 
Freitag, Meyer & Whiteman 2016). 

2. Providing extensive metadata allows citizen science projects to 
communicate the ‘known quality’ of the data so that it can be used 
appropriately by EPAs (Bowser, McMonagle & Tyson 2015). 

3. EPAs can create standards for data quality and communicate the 
quality of data needed for different purposes. Citizen scientists can 
produce ‘data fit for purpose’ through careful project design in 
communication with representatives from EPAs (Wiggins et al. 
2013; Roy et al. 2012; NACEPT 2016). 

4. EPAs and organisations involved in citizen science can engage in 
partnership strategies and approach a problem with a combination 
of professional data collection and citizen science (NACEPT 2016). 
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Sensor development 


Recent development of advanced monitoring techniques has opened up 
possibilities for citizen science to include measurements from low-cost, 
portable, small sensors to monitor air and water quality. However, the 
individual performance of these advanced monitoring technologies is 
often not considered sufficient to be used directly by EPAs, especially when 
it comes to regulation and enforcement. Environmental protection agen- 
cies can help by focusing on networks of these sensors to obtain a synop- 
tic picture of environmental quality (see Volten et al. and Ceccaroni & 
Piera in this volume), supporting a system for evaluation or certification 
of sensor technologies, providing information on appropriate technolo- 
gies and developing guidance on messaging and interpretation of data 
from advanced monitoring technologies (Hindin et al 2016). 


Communication with citizen science data providers 


Encouraging the active participation of volunteer environmental observ- 
ers in organised projects brings benefits for EPAs and for the individuals 
and communities involved but, not surprisingly, also generates expecta- 
tions on government agencies. If agencies wish to empower and engage 
the public on environmental issues by providing them with the means to 
gather relevant data, good feedback on the value of the data is important 
to keep volunteers motivated (Geoghegan et al. 2016). This feedback may, 
for example, relate to data quality, consistency of protocols or the utility 
of the dataset for agency work. Significant resources are required to pro- 
vide effective and continuing feedback on any citizen science initiative. 
Environmental protection agencies can set up systems to provide this 
information to providers through appropriate data portals and other dia- 
logue mechanisms. 

Timely feedback on the usefulness of the data in effecting environ- 
mental improvement is also needed. Many engaged participants want to 
know if their efforts to measure or report on environmental issues have 
made a difference and contributed to positive change (Trumbull et al. 
2000) or become more engaged in environmental issues. Timely feed- 
back can be successful where there are direct and reasonably rapid 
results, as in the pollution alert system set up by the Irish EPA (see box 
20.2). Where volunteer data has to be aggregated over time or across a 
large number of contributors, or where resulting interventions take 
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years to have a measurable effect, managing expectations of volunteers 
can be much more difficult. It is important that EPAs address this prob- 
lem. For example, the Anglers’ Monitoring Initiative in the UK, jointly 
organised with the Environment Agency, reports back regularly on the 
outcomes of volunteer ecological quality assessments (including some 
successful prosecutions) to maintain motivation and participation (The 
Riverfly Partnership 2017). 


Integrating citizen science into the work of the agency 


Many EPAs have begun citizen science work and are engaged in collect- 
ing data through volunteer participation. In a more limited set of exam- 
ples, EPAs and other government agencies have responded to citizen 
science data collected by community groups or incorporated these data 
into EPA work (box 20.3; NACEPT 2016). The impact of citizen science 
can be increased when EPAs look to fill their data needs through citizen 
science projects initiated and conducted both in and outside of govern- 
ment. Boxes 20.1 to 20.4 illustrate the breadth of EPA engagement with 
citizen science through initiating projects (boxes 20.1, 20.2 and 20.4) and 
by responding to community-initiated data (box 20.3). 


Box 20.1. From opportunism to a strategic approach: Scottish 
Environment Protection Agency (SEPA) 


The Scottish Environment Protection Agency, and its predecessors, 
has worked with members of the public to monitor the environ- 
ment since before the term ‘citizen science’ came into widespread 
use. For example, 130 volunteer ‘Rainfall Observers’ have been 
providing daily records of rainfall from locations throughout Scot- 
land for up to 40 years. These records support weather and flood 
forecasting, improve models to predict climate change and support 
the management of water resources (Scottish Environment Protec- 
tion Agency 2017a). More recently, SEPA and partners have helped 
initiate a growing number of citizen science projects, including 
Plant Tracker (Plant Tracker 2017), River Obstacles (River Obsta- 
cles 2017), and Anglers Riverfly Monitoring Initiative (The River- 
fly Partnership 2017). 
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SEPA has recently recognised the need for a more strategic 
approach to citizen science, partly in response to the challenges of 
sustaining an increasing number of projects. This strategic approach 
has comprised: 


e A high-level strategy, signed-off by SEPA senior manage- 
ment, outlining when and how citizen science would help 
deliver core responsibilities and objectives. 

e Published guidance on the types of citizen science the agency 
would support. 

e Co-ordination of citizen science activities to ensure alignment 
with the overall strategy. 

e Provision of relevant infrastructure support such as IT capac- 
ity and training. 

° Development of a web-based portal (Scottish Environment 
Protection Agency 2017) to provide access to tools and 
resources, data input and feedback mechanisms. 


To support this, SEPA commissioned ‘Choosing and Using Citizen 
Science’ (Pocock et al. 2017). This ‘Blue Guide’ offers a step-by-step 
approach to assessing whether the use of a citizen science approach 
is appropriate, through project design, initiation and promotion, 
to project reporting and evaluation (see figure 20.1). 


Should you begin considering a citizen science approach? 


Clarity of | Importance of Resources Scale of Complexity of 
aim/question engagement available sampling protocol 


Clear aim/question No engagement No resources Small-scale sampling 


Simple protocol 


Suitable for a 
citizen science 


approach Suitable for a 


citizen science 
Suitable for a approach 


citizen science 


approach 
ce Suitable for a 


citizen science 
approach 


Suitable for a 
citizen science 
approach 


Vague aim/question Only engagement Plenty of resources Large-scale sampling Complex protocol 


Fig. 20.1 Key design elements for citizen science projects 
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Through the EU LIFE-funded ‘Scotland’s Environment Web’, 
SEPA has also partnered on the development of a mobile app and 
web-based infrastructure to support citizen science projects. Exam- 
ples include the ‘Learn About Air’ citizen science teaching pack 
for schools (Scottish Environment Protection Agency 2017b) and 
Scotland’s Environment Citizen Science Portal for data entry (Scot- 
tish Environment Protection Agency 2017c). 

SEPA’s involvement in citizen science has taken a contribu- 
tory approach until recently. It still needs to address building 
capacity (see also Richter et al. in this volume) in ‘co-production’ 
projects involving volunteers in project management, balancing 
open communication with SEPA policies, improving evaluation 
and maintaining participant motivation in the context of continu- 
ing constraints on public resources. 


Box 20.2. Improving the effectiveness of sentinel systems: 
Irish Environmental Protection Agency 


The advent of smartphones has provided opportunities to engage 
the public in innovative ways that include the use of people as a 
network of sentinels of environmental problems. The Irish EPA 
developed a smart phone application called See it? Say it! to help 
people to report pollution in their towns and villages, including the 
illegal dumping of waste (Irish Environmental Protection Agency 
2017). Users can take a photograph of the incident and add a 
description and contact details (see example photographs in fig- 
ure 20.2). The app adds GPS location coordinates and the report is 
automatically sent to the relevant enforcement agencies or local 
authority. This complements a 24-hour complaints phone line. 
Reports are also delivered to FixYourStreet.ie which all Irish Coun- 
cils monitor. 

The uptake of the application has been good; 29 per cent of 
all environmental complaints on Fix Your Street now arrive via See 
it? Say it! and 1,500 complaints were received in 2015 when the 
app was launched. Figure 20.3 provides a snapshot of reported 
incidents throughout Ireland on specific days in 2015. 
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Fig. 20.2 Examples of postings received from all over Ireland in 
July 2016. (Photos: Elena Bradiakova) 


See it on a map 


Map Satelite 


4) 


Google er | | Map data ©2015 GeoBasie DE/EXG (©2009). Google TermacfUse Repo 


Fig. 20.3 Distribution of reported pollution incidents, summer 2015 
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This method of reporting has proved useful to regulators and 
local authorities given its locational accuracy and the detail pro- 
vided by photographic evidence. The main types of incidents 
reported include the dumping of waste, backyard burning, noise 
from commercial sites and pollution incidents such as fish kills. At 
the same time, public interest and engagement on local environ- 
mental issues is increasing, so careful resource planning is needed 
to meet demand. 


Box 20.3. Regulatory action spurred by citizen science: 
The Clean Air Coalition of Western New York 
and Tonawanda Coke Corporation 


The residents of Tonawanda, New York, became concerned about 
chronic illness in the local community and the odours and smoke 
from 53 industrial plants nearby. Residents formed a ‘bucket bri- 
gade’, or community group that uses a low-cost canister to indepen- 
dently conduct air quality testing. The group tested for Volatile 
Organic Compounds (VOCs) using grab samples collected in 
buckets purchased at a hardware store. Initial sampling showed 
extremely high levels of benzene and high levels of formaldehyde. 
The Coalition approached the New York Department of Environ- 
mental Conservation and the US EPA with the data collected, who 
then conducted a comprehensive, year-long air quality study includ- 
ing four permanent air monitors. This study confirmed that benzene 
levels were 75 times higher than the EPA guideline, and that there 
were high levels of five additional air pollutants, and identified 
Tonawanda Coke Corporation as the predominant source. As 
a result, Tonawanda Coke Corporation installed new air controls, 
resulting in a 92 per cent decrease in benzene emissions. A repre- 
sentative from the US Department of Justice became aware of the 
issue, which resulted in an individual conviction against the Ton- 
awanda Coke environmental manager for misleading information 
about chemical emissions (James-Creedon 2016). 
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Box 20.4. The Enviróza school programme 


Enviréza is a citizen science game for primary and secondary 
schools, created by the Slovak Environment Agency. It was financed 
by the EU Cohesion Fund as part of the Operational Programme 
Environment (2007-2013) and launched at the start of the 
2013/2014 school year, under the auspices of the Ministry of Envi- 
ronment of the Slovak Republic. 

Using Enviréza, participants (teachers and pupils) seek out 
and identify contaminated sites, publish their data online and 
score points for doing so. Through accompanying competitions, 
they also inform the public about this issue, contributing not only 
to environmental conservation but possibly also to participants’ 
health. 


promAstt Recistrovat 
ZAPOJSA ZISTIINFO HRAJ TRIÓZA PRESS 


s 


os, 


nee JL a Skóruj 
Sl Si 


Zapojte sa do novej súťaže TRIOZA s témou EnviroART 


Tento rok 2016/2017 je pripravená origindina téma sitate Trióza. Zapojte se tak že vytvorte odkaz pre svet ako výstrahu pred 
environmentáinych 


zåfaži v kategéridch Fotozėćsž, Infoška, S-A. Návod ako postupovať nájdete v pravidlách hry Envirézy. 


Skóre 2016/2017 Pod nosom 


1. envirAct 


ujte, pridávajte, ši 


Fig. 20.4 Homepage of the school programme Enviróza website. 
(Source: http://www.enviroza.sk/) 
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Fig. 20.5 A total of 25 new contamination/contaminated sites 
were added by schools. Field inspection and evaluation was then 
carried out by a SEA expert to allow their classification in the ISCS. 
(Photo: Irish Environment Protection Agency) 


Enviróza is intended to update information about selected 
contaminated sites registered in the Information System of Con- 
taminated Sites (ISCS) and to identify new sites (known as school- 
identified sites) that display signs of serious contamination. Data 
gathered by participants is processed by the Slovak Environment 
Agency (SEA), integrated into the ISCS and thus made available to 
state authorities as well as professionals and the public. 

Envirdza’s educational goal is for participants to gain informa- 
tion about existing contaminated sites and the state of their environ- 
ment based on first-hand observations in the field. In the process, 
pupils develop skills with maps and navigational tools; work with 
data and use ICT; and gain experience working as a team as well 
as thinking critically and expressing their opinions. The programme 
provides teachers with an experiential learning tool for environ- 
mental education and incorporating the issue of contaminated sites 
into other school subjects, including mathematics, information 
technology, biology, chemistry, art and civics. 
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Conclusion 


Environmental protection agencies can support and encourage citizen sci- 
ence by providing access to innovative mobile sensors and applications; 
data capture infrastructure and communication; advice on funding; and 
demonstrating the practical uses of evidence generated through citizen 
science. Most importantly, EPAs can support citizen science by validating 
its use and integrating it into agency work. Investment in a few key areas 
can support the contribution that citizen science makes to environmen- 
tal protection (Blaney et al. 2016; NACEPT 2016). Small investments can 
support big progress, for example, building in feedback mechanisms 
between projects and agencies; supporting data management and stand- 
ards; and creating technology standards and support. 

Recent advice and recommendations directed at EPAs and citizen 
science projects have provided guidance to support this transforma- 
tive approach through key contributions. In December 2016, the National 
Advisory Council for Environmental Policy and Technology recommended 
that the US EPA invest in citizen science, improve technology and tools, 
enable the use of citizen science data, and adopt a positive, co-operative 
agenda that increases the use of citizen science data. The Council also 
recommended that the US EPA provide guidance and communicate data 
quality needs for different data uses. The UK Environmental Observation 
Framework provided recommendations including that citizen science 
activities be rigorously evaluated and that research should be encour- 
aged on the ‘difficult-to-quantify’ benefits of citizen science (Blaney et al. 
2016). 

Citizen science projects and participants can also work to maximise 
the value of their efforts for environmental protection. Citizen science 
groups can (1) engage early with EPA staff to increase the relevance of 
citizen science project objectives and outcomes for the responsible agen- 
cies, set expectations and guide projects for maximum impact; (2) ensure 
project planning includes careful communication and feedback loops 
to ensure equitable collaboration, motivation and learning; and (3) seek 
to co-design projects with staff at EPAs and other organisations to ensure 
that the intended use, accessibility, quality and constraints of the data 
are factored into project planning and implementation. 

Citizen science can have a significant impact in achieving environ- 
mental protection by generating new knowledge, raising awareness and 
empowering community members. Over the next decade, EPAs will con- 
tinue to turn to citizen science to work towards environmental protection 
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in collaboration with the public, and additional case studies will support 
the potential uses of this powerful approach. Citizen science will enhance 
science and open opportunities for EPAs, community groups and other 
organisations towards the shared goal of environmental improvement. 
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Highlights 


e New technologies supporting data collection, data processing and 
visualisation, and the communication of ideas and results create a 
wide range of opportunities for participation in citizen science. 

e Technologies are especially beneficial for opening additional chan- 
nels for public involvement in research, allowing participants to con- 
tribute through a range of activities and engaging newer audiences. 

e There is a range of existing resources to help project co-ordinators 
develop and maintain citizen science technologies. 

e It is important to consider issues such as participant demographics, 
affordability and access, and fitness for purpose when selecting 
technologies. 


Introduction 


In the latter part of the nineteenth century, there was a paradigm shift 
with the institutionalisation of scientific activities through the establish- 
ment of research institutions and a growing emphasis on rigour, processes 
and protocols (see also Mahr et al. in this volume). Members of the 
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public remained contributors to scientific research throughout this pro- 
cess, albeit in selected areas of study including astronomy, archaeology, 
ecology and the natural sciences. During this time, researchers primarily 
involved citizen science volunteers in data collection initiatives, with obser- 
vations interpreted and analysed by professional scientists (e.g., the Audu- 
bon Christmas Bird Count). Such data collection generally followed a 
paper-based approach, with volunteers either systematically recording 
observations or individually sending evidence such as photographs or 
specimens to professional scientists, along with key metadata such as 
observation time and location (Miller-Rushing, Primack & Bonney 2012). 

The recent proliferation of Information and Communication Tech- 
nologies (ICT) such as mobile technology, the rise of Web 2.0 (e.g., mov- 
ing beyond static web pages towards user-generated content and social 
media) and the ubiquity of high-speed internet has resulted in a further 
paradigm shift, this time in citizen science (Silvertown 2009). The rising 
interest in, and popularisation of, science and technology, as well as the 
push by governments and institutions for Science, Technology, Engineer- 
ing and Math (STEM) education, have further created an excellent envi- 
ronment for individuals and communities to participate in scientific 
research (see Haklay in this volume). Participation itself now takes numer- 
ous forms extending far beyond data collection, such that the very con- 
ceptualisation of a citizen science project can now be initiated by 
individuals and their communities rather than scientists (see Ballard et al.; 
Novak et al., both in this volume). 

This chapter discusses the new tools and technologies that have 
influenced citizen science and, as a result, revolutionised how citizens and 
communities can participate and engage in research. The following sec- 
tion presents a high-level overview of the various tools and technologies 
used in citizen science as well as resources to allow projects to develop 
similar tools and technologies. This is followed by a discussion of how key 
technological developments have created and expanded opportunities for 
citizen participation. The chapter concludes with key policy implications, 
as well as a brief discussion of how the future of citizen science may be 
shaped by, and benefit from, emerging technologies and online services. 


Overview of citizen science technologies 
New technologies facilitate scientific research by supporting the collabo- 


rative collection of data and dissemination of information in real-time 
(Mooney, Corcoran & Ciepluch 2013). These platforms also support social 
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interactions and organisation between public participants and scientific 
researchers, and among public participants and their communities. As 
such, citizen participation in democracy is now transitioning from one- 
way broadcasts to two-way dialogues, empowering more people to express 
their voices and drive change. This is also true in the context of scientific 
research. 

Citizen science participation in data collection can be explicit (when 
citizens collect the data themselves) or implicit (when contributors share 
geolocated photographs, videos or messages on social media). Explicit data 
collection can now be carried out through a wide range of new instruments, 
devices, tools (including do-it-yourself, or DIY, technologies) and mobile 
apps that can be easily built, bought or borrowed by citizens, communities 
and enthusiasts. However, the use of ICT does not always guarantee high 
data quality and participant engagement. 

On the contrary, adopting suboptimal ICT can hurt projects through 
hidden costs including poor usability and lack of appropriate functionality 
(Wiggins 2013). Different mechanisms for data collection should usually 
be considered, based on user preferences, demographics and constraints 
(see box 21.1). For example, participants less familiar with technologies 
like mobile apps may prefer to provide data via more traditional forms 
such as pen-and-paper-based data sheets. Facilitating participation 
through a range of channels can help avoid age-dependent bias, as well as 
biases that may exclude low resource communities. 

Researchers have identified several technologies that are promis- 
ing for the field of citizen science, including wireless sensor networks, 
online gaming (Magnussen 2017) and, perhaps most importantly, the 
development and adoption of smartphones and mobile applications 
(Newman et al. 2012). Technology development has steered the direc- 
tion of citizen science and offered new mechanisms for engaging volun- 
teers. While some projects build their own tools and technologies, there 
are a number of resources to help projects recruit and communicate with 
volunteers, collect, share, store and manage data, and enhance participa- 
tion (table 21.1). 


Project websites 


Most citizen science projects have a presence on the web to (1) provide 
information, (2) recruit and (3) manage volunteers, and (4) allow citizens 
to contribute to research by collecting or analysing data. Initiatives like Pro- 
ject BudBurst (Johnson 2016), where volunteers provide information 
on plant phenology cycles, employ websites with information and basic 
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Table 21.1 Different types of technologies and supporting resources used 


in citizen science 


Supporting resources 


General purpose technologies 


Project websites 


Project 
catalogues 


Web 2.0 and 
social media 


Development frameworks. 


Existing catalogues and 
directories of citizen 
science projects. 


Most social media 
platforms use application 
programming interfaces 
(APIs) to make it easier to 
create posts and access 
data. Third-party tools like 
TweetDeck and Hootsuite 
allow posts on multiple 
accounts/platforms. 


Purpose 


Make it easier for users to 
build websites. 


Allow users to list projects 
and/or conduct research. 


Help users collect data 
from, or through, social 
media sites and 
communicate with 
volunteers. 


Technologies to support data collection and analysis 


Mobile websites 
and apps 


Smartwatches 
and wearables 


DIY sensors and 
the Internet of 
Things (IoT) 


Drones 


Data analysis 
tools 


Mapping 
technologies 
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Tools to support responsive 


design and hybrid apps. 


Development kits. 


DIY sensor kits. 


Drone kits. 


Platforms that process, 
visualise and export data. 


Mapping platforms. 


Make it easier for projects 
to develop websites that 
are accessible on mobile 
devices or tablets. 


Help users automatically 
collect data as they go 
about their everyday 
activities. 


Help users build sensors 
for large-scale, ongoing 
data collection. 


Help users collect data 
in difficult to reach 
environments. 


Help users answer 
research questions by 
analysing data and 
detecting trends. 


Allow projects to publish 
data on maps and 
integrate various data 
layers to support analysis. 


Table 21.1 (continued) 


Supporting resources Purpose 


Improving the citizen science experience 


Virtual reality Virtual reality headsets. Create an immersive 

and augmented experience to augment or 

reality replace real world 
environments. 

Open data and Data standards; data Collect, store, and manage 

supporting storage and management open and interoperable 

resources platforms. data in a publicly accessi- 


ble repository, enabling 
access and use beyond the 
lifetime of a particular 
project. 


forms for data collection. Test My Brain, for example, provides more vis- 
ual approaches to data analysis, such as by allowing volunteers to sift 
through images to perform tasks such as counting craters or matching or 
classifying images. The websites of virtual citizen science projects like 
EyeWire (Kim et al. 2014) also employ real-time communication such as 
chat systems or forums to help participants and create a more supportive 
community. 

While websites broadly facilitate participation for users, the increas- 
ing availability of development frameworks support and empower project 
leaders. Development frameworks help project owners create websites 
and other tools to support citizen science projects without the need to 
write complex software from scratch. At the most basic level, WordPress, 
Django, Wix and Weebly are examples of frameworks that provide means 
for interacting with participants through features like content manage- 
ment, authoring (a content authoring feature is used to create multime- 
dia content typically for delivery on the World Wide Web), authentication, 
blogging and basic input via forms. Such frameworks also support respon- 
sive design to deliver content appropriate for display on mobiles, desktops 
and tablets. For more advanced users, frameworks such as PhoneGap and 
Ionic help developers write websites in HTML and JavaScript, which can 
be easily packaged as mobile applications. Ushahidi, Inc. and Open Data 
Kit (ODK) provide a way to easily develop customised surveys and set up 
websites and mobile applications that can be distributed to crowdsource 
information. These frameworks also allow project owners to aggregate, 
visualise and analyse the data collected. 
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Development frameworks simplify the web development process. 
However, it is important to ensure that project websites are appropriately 
designed for their target users. Although customising templates supported 
by web hosting platforms is an apparently inexpensive solution, it often 
comes with hidden costs such as poor usability and awkward workflows 
(Wiggins 2013). Newman and colleagues (2010) explored the various 
factors that should be considered when developing websites for citizen 
science that are particularly relevant to websites that involve interactive 
maps. 


Project catalogues 


Websites like SciStarter, The Federal Catalogue of Crowdsourcing and 
Citizen Science, iNaturalist, Natusfera, Citsci.org and Zooniverse serve 
as project catalogues, or online directories that benefit citizen science 
by helping participants find projects to contribute to and collecting infor- 
mation for researchers to analyse. Many of these platforms also support 
participation directly. For example, iNaturalist and Natusfera allow citi- 
zen science volunteers to find biodiversity monitoring projects and 
directly upload biodiversity data. Some platforms, like Citsci.org, allow 
participants to create their own citizen science projects to initiate data 
collection and analysis via websites and/or mobile applications. Other 
platforms, most notably Zooniverse, provide cyberinfrastructure sup- 
porting data analysis via tasks such as classification, annotation and 
tagging (in a variety of fields such as arts, biology, literature and plane- 
tary science). Unlike development frameworks, which were designed 
for use in any context, these project catalogues are designed specifically 
to support citizen science. 


Web 2.0 and social media 


Web 2.0 and social media offer new means for citizens to express them- 
selves and connect with others via open and free platforms. Citizen sci- 
ence has benefitted from social media platforms like Twitter, Facebook 
and Instagram that help project co-ordinators recruit and communicate 
with participants. In addition, data generated from online platforms such 
as Twitter can be automatically processed and analysed to provide citizen- 
generated data on critical events and emergencies (Gao, Barbier & Goolsby 
2011; Shaw, Surry & Green 2015). The very nature of social media has 
also paved the way for global communities to self-organise, develop and 
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become more sustainable, helping promote grassroots or bottom-up citi- 
zen science activities (see also Hecker et al. in this volume). 


Mobile websites and apps 


Technological developments in smartphones are revolutionising citizen 
science: Web-based data capture, analysis and presentation tools and apps 
are in common use, and a wide range of next-generation environmental 
sensors to be coupled to smartphones are under development. From online 
recording and real-time mapping to digital photography, there are tools 
for most tasks (Tweddle et al. 2012). In terms of actually making the 
record, many field recorders still use pencil and notebook or record cards 
(although increasingly relying on GPS handsets for geolocation) and this 
may be the most efficient method for capturing data in the field for many 
experts. However, communications technology has facilitated the ability 
to make records, especially incidental records, through smartphone apps. 
Currently, there are apps linking directly to iRecord (for efficient data 
flow) for recording ladybirds, butterflies, orthopterans, mammals and 
invasive non-native species. These provide the ability to take a photograph 
(or potentially, for species such as orthopterans to make a sound record- 
ing), capture location via GPS and store the record for later upload to 
iRecord. These apps are an ideal tool for widening participation, especially 
when observing species that are relatively large or immobile, conspicuous 
and easy to identify. Records still need to be verified for them to become 
scientifically useful though, and one important advantage of interoper- 
able data systems is that there is the potential to bring together records 
from many different websites and smartphone apps to facilitate efficient 
verification (Pocock et al. 2015). 

A collection of recommendations specific for citizen science that 
provides support and advice for planning, design and data management 
of mobile apps and platforms that will assist learning from best practice 
and successful implementations can be found in Sturm et al. (2017). Smart- 
phones support many of the same data collection functions as desktop com- 
puters, allowing volunteers to provide observations and opinions through 
web forms and supporting simple data analysis tasks. More complex tasks 
are harder to support through mobile apps or mobile websites so some 
projects are not accessible via mobile devices (e.g., EyeWire). However, the 
ability to deliver content via mobile phones and tablets provides an excel- 
lent opportunity for citizen science projects to involve participants at all 
times, even while they travel. Further, mobile devices may facilitate 
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Contact Us 


Fig. 21.1 The Project BudBurst website is designed to recruit and train 
participants, collect and publish data and provide education materials. 
The project also supports a mobile application mainly designed to 
facilitate data collection. The app is coded in HTMLS, which is easier to 
develop and maintain but has less functionality than a native app 
available for Android or iPhone. 
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Mobile Budburst 


Project BudBurst 


Timing is everything! 


Welcome to Project BudBurst 


Project BudBurst is a network of people across the United States who monitor 
plants as the seasons change. Your observations are used by scientists to 
help all of us better understand how plants are responding to changing 
climates. 


As a participant, you will report observations about the timing of plant 
phenophases (leafing, flowering, fruiting, and more). You can adopt a plant(s) 
to monitor throughout the seasons and record 'Regular Reports’ about what 
you observe and/or report observations of plants you encounter on a one-time 
basis through ‘Single Reports’. The methods for reporting Regular Reports 
and Single Reports differ, so be sure to read more about them on the next 
page. 


© Get Started Now! 


© 2017 NEON, Inc. All rights reserved. l 


Fig. 21.1 (continued) 
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access by larger, more diverse populations — access to the internet via 
mobile and tablet exceeded desktop for the first time in November 2016 
(Gibbs 2016). Many citizen science projects therefore support both web- 
based and mobile participation. Project BudBurst hosts a website for 
desktop users, as well as an HTMLS5 website for mobile users (figure 21.1) 
(HTMLS is a markup language used for structuring and presenting con- 
tent on the World Wide Web), and has explored an additional gamified 
app (Bowser et al. 2013). The iRecord Dragonflies mobile web applica- 
tion is another example of this approach. 

Responsive design enables websites to be viewed according to the 
device being used to access them, by adapting layouts, media items and 
other content to different resolutions and screen-sizes. For projects that 
seek to host a website and a mobile site or app, styling tools employing 
responsive design, including Bootstrap and Boilerplate, can greatly sim- 
plify this process. Alternately, hybrid apps are web pages packaged into 
mobile apps that can run on multiple operating systems without the need 
for a web browser. The process of developing hybrid apps too can be 
greatly simplified by using frameworks such as Ionic, PhoneGap and Cor- 
dova. Finally, native apps are apps that are developed individually for 
different mobile operating systems using different programming lan- 
guages. Native apps require greater investment and development effort but 
support a more interactive experience, and enable developers to use 
the phone’s hardware to a greater extent. 


Smartwatches and wearables 


The increasing development of wearables and smartwatches offers the 
opportunity to explore new forms of engagement and data collection (e.g., 
Tse & Pau 2016; Nieuwenhuijsen et al. 2015). Smartwatches or weara- 
bles can provide information on the environment, human health and 
mobility using a wide range of sensors such as accelerometers, GPS, 
cameras, microphones, heart rate sensors, barometers, compasses and 
air quality sensors. Smartphones, smartwatches and wearables also facili- 
tate lifelogging, recording activities throughout the day to help people 
understand how their habits and routines relate to external variables 
such as environmental conditions. For example, AirBeam provides wear- 
able sensors and the AirCasting Android app for collecting air quality 
information as citizens travel around cities. 
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Do-it-yourself sensors and the Internet of Things 


Do-it-yourself technologies have recently become popular, mainly due to 
the development of makerspaces or hackerspaces (see box 21.2; see also 
Novak et al. in this volume). These collaborative spaces offer different 
tools and facilities, including equipment such as 3-D printers, laser cut- 
ters and computer-controlled machines, for making, learning, exploring 
and sharing technologies. Open to a diverse community (from kids to bud- 
ding entrepreneurs), makerspaces seek to provide hands-on learning, 
support community interests and creative expression, and foster critical 
thinking, particularly linked to STEM education. Makerspaces are also 
used as incubators and accelerators for business start-ups. In addition to 
persistent spaces like Fab Labs, participatory technology development is 
also supported through events like hackathons (see box 21.2; see also 
Gold & Ochu in this volume). 

While traditional sensors are developed by engineers and experts, 
citizens and enthusiasts can now make use of DIY devices such as Arduino 
and Raspberry Pi. These are essentially basic computers to which differ- 
ent sensor modules can be attached. A large variety of modules can be 
used, including GPS sensors, accelerometers and cameras. Projects such 
as Smart Citizen (Diez & Posada 2013) use DIY sensors to help partici- 
pants upload environmental data for analysis. Another example is the Cos- 
mic Pi project, which aims to use low-cost, pocket-size detectors to detect 
cosmic rays. 


Drones 


Unmanned aerial vehicles (UAVs), or ‘drones’, are powerful platforms for 
monitoring and reporting, especially in terrains that are difficult to access 
on foot. In some areas, drones have a bad reputation because of their role 
in military missions (for surveillance or bombing) and due to privacy con- 
cerns. However, drones and other DIY aerial platforms can be used for 
social good (Choi-Fitzpatrick 2014). For example, members of Digital 
Democracy worked in Guyana with the local Wapishana people to build 
DIY drones to monitor and map deforestation (MacLennan 2014). 

The 2010 Deepwater Horizon oil spill in the Gulf of Mexico illus- 
trates the complex nature of aerial data collection by citizen science 
communities, since BP (the company responsible of the spill) and the 
US government explicitly denied monitoring access to journalists, citi- 
zen groups and scientists. While the word ‘drones’ typically evokes a 
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high-technology approach, this is not always the case. In the Public Labs 
model, aerial mapping based on DIY balloon and kite systems serves as a 
powerful alternative strategy to monitor the environment (Dosemagen, 
Warren & Wylie 2011). 


Data visualisation tools 


Data visualisation is helpful for feeding analysed data back to participants 
and for presenting results to policymakers. There is a range of tools avail- 
able to support project co-ordinators and volunteers in processing, ana- 
lysing and visualising data; and many also come with plug-ins or modules 
to provide further analytic capabilities (see also Williams et al. in this 
volume). Earthwatch’s Freshwater Links and UCL’s Extreme Citizen Sci- 
ence: Analysis and Visualisation (ECSAnVis) are examples where users 
can visualise data coming from a variety of remote databases. Simple tools 
like Google Charts (an interactive web service that creates graphical 
charts from user-supplied information) also provide a quick means of 
visualising data online as configurable charts and graphs. As mentioned 
earlier, more complex frameworks such as Ushahidi, Inc. and ODK sup- 
port both data collection and data analysis/visualisation. 


Mapping technologies 


Spatial data analysis is often critical to understanding variables ranging 
from biodiversity presence and distribution, to local environmental con- 
ditions, human population and transportation patterns. Many websites 
and most citizen science apps provide feedback to participants through 
maps, using map layers to add collected information as point data (e.g., 
iNaturalist displays points for observations of different species) and to 
overlay information such as heat maps (e.g., the Environment Hamilton’s 
INHALE Hamilton project presents air quality information in this way) or 
geometries (e.g., Safecast presents levels of radiation and air quality data 
in this way, among others). 

GIS tools have a long history of expert use, but mapping technologies 
have only recently been made easily available to non-expert users. Tools 
like Google Maps and OpenStreetMap paved the way for location services 
such as routing, searching, trip planning, traffic estimation and other rou- 
tine tasks now used on a daily basis. Overlays can be created fairly easily 
using the methods made available in standard mapping tools such as 
OpenStreetMap, Google Maps, OpenLayers and Mapbox. Currently, the 
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largest citizen science mapping initiative is Google Local Guides, with 50 
million volunteers in October 2017. 


Virtual reality and augmented reality 


Virtual reality and augmented reality may be viable and cost-effective 
ways to improve data collection — for example, measuring the colour of 
the sea in the Citclops project (Wernand et al. 2012), train citizen science 
volunteers with personalised and immediate feedback, track individual 
data quality and improve retention and motivation, for example, increas- 
ing patient engagement in rehabilitation exercises using computer-based 
citizen science (Laut et al. 2015). 

The availability of smartphones has resulted in investigations into 
how augmented reality can be embedded into standard interfaces — for 
example, overlaying objects on top of on-screen displays of camera views 
or base map layers. In addition to employing gamification approaches, 
which use the motivational elements of games to engage users, virtual or 
augmented reality can provide engaging applications to support citizen 
science through the increased recruitment of volunteers. And virtual 
reality can improve data quality and participant engagement by allowing 
users to dynamically interact in immersive environments (Klemmer, Hart- 
mann & Takayama 2006). 


Open data and supporting resources 


Open data are both a resource for citizen science and an output of most 
citizen science initiatives. Open data policies implemented by govern- 
ments, businesses and universities have begun to make large volumes of 
data available, which is openly accessible for the public to query, process 
and analyse. Many citizen science projects also make their data available 
as downloadable raw-data files, queryable databases or processed visuali- 
sations. Technical developments supporting open data include data stand- 
ards, which promote interoperable data collection and sharing (Williams 
et al. in this volume) and are developed and maintained by organisations 
like the Open Geospatial Consortium (OGC). Expanded data storage, such 
as scalable databases and cloud storage, also supports open data, with 
computational, storage and hosting resources available from providers 
either for free (e.g., WordPress and Google Sites as general technologies; 
CitSci.org for citizen science) or on-demand (e.g., Amazon Web Services), 
offering much needed help for citizen science projects. 
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Box 21.1. Collaborative research on sustainable fish stocking 
in Germany 


Angling clubs are fishing rights holders in Germany, and any 
changes to the governance and management of fisheries depends in 
part on decisions made by these clubs. Fish stocking is the practice 
of raising fish in a hatchery and releasing them into a river, lake or 
the ocean to supplement existing populations, or to create a popu- 
lation where none exists. Stocking may be done for the benefit of 
commercial, recreational or tribal fishing, but may also be done to 
restore or increase a population of threatened or endangered fish in 
a body of water closed to fishing. Stocking is a contested issue, 
whose success or failure depends on a range of social, ecological 
and evolutionary factors (Arlinghaus et al. 2014). To learn about 
successful and unsuccessful stocking practices, as well as associated 
genetic and other ecological risks, researchers partnered with 18 
angling clubs in Lower Saxony on a transdisciplinary research pro- 
ject called Besatzfisch (which translates as ‘stocked fish’). 

Working in close collaboration with the angling clubs, the 
research team developed an experiment involving radical stocking 
density treatments of northern pike (Esox lucius L.) and common 
carp (Cyprinus carpio L.) in angler-managed flooded gravel pits. 
Workshops were used to develop specific goals, objectives and 
hypotheses and to allocate treatment to 24 angler-managed flooded 
gravel pits. Outcomes were monitored jointly through a series of 
workshops, creating opportunities for reflexive learning. 

Anglers participated in fish surveys and completed angling 
diaries to monitor carp. The research team chose paper-and-pencil- 
based diaries to allow anglers of all age groups to participate. Sur- 
veys of club anglers were also used to understand attitudes, norms 
and other human dimensions related to stocking and to behaviours 
(Arlinghaus et al. 2014; Gray et al. 2015; Fujitani et al. 2016). 
Results showed that the integration of anglers into the experiments 
was instrumental in improving ecological knowledge. 

This project shows how citizen science using paper-and- 
pencil-based diaries, workshops and flooded gravel pits can sup- 
port the co-production of knowledge. Given the age of many club 
anglers, it is likely that an app would reduce participation and bias 
the study towards the younger demographic segment. The benefits 
of ICT-enabled versus non-ICT-enabled citizen science approaches 
should therefore be carefully weighed depending on the target 
audience and project goals. 


Box 21.2. Participatory technology development 


Making and hacking democratise the creation of the hardware and 
software that aid in research, just as citizen science democratises 
the scientific research process itself. Fab Lab and TechShop are 
names used for two particular types of makerspaces: 


The fabrication laboratories (Fab Labs)! programme was ini- 
tiated in 2001 by Professor Neil Gershenfeld of the Massa- 
chusetts Institute of Technology (MIT) and it has since become 
a collaborative and global network. Fab Labs are currently 
governed by the Fab Foundation, which lists more than 1,000 
Fab Labs from all over the world (including 700 in Eurasia, 
300 in America, 40 in Africa and 8 in Oceania; Gershenfeld 
2008). 

TechShop was a chain of makerspaces started in 2006 in 
California. It was supported by monthly fees from members, 
which supported access to machines and tools. TechShop 
defined makerspaces as part prototyping and fabrication stu- 
dios and part learning centres. As of 2017 there were 10 loca- 
tions in the United States: three in California, one in Arizona, 
one in Arlington, Virginia (near DC), one in Michigan, one in 
Texas, one in Pittsburgh, Pennsylvania, and one in Brooklyn, 
New York, as well as four international locations. On Novem- 
ber 15, 2017, with no formal warning, the company closed 
and announced they would declare bankruptcy under 
Chapter 7 of the United States bankruptcy code (immediate 
liquidation). 


Hackathons also have promoted the development of new 
technological products to facilitate citizen participation. Hack- 
athons are short-term, collaborative design events where volun- 
teers, often including computer programmers, engineers and 
designers, create new technologies for a prize or other reward. 
These new technologies are usually software projects and applica- 
tions, but they can include hardware products as well. Hackathons 
may be sponsored and organised by companies, educational insti- 
tutes, non-profit organisations or government agencies. The US 
National Aeronautics and Space Agency (NASA), for example, rou- 
tinely hosts the International Space Apps Challenge, a 48-hour 
event where teams use public data to solve challenges in hardware, 
software, citizen science and information visualisation (Bowser & 
Shanley 2013). 
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Practical and policy considerations 


This chapter has explored a wide range of technologies used in citizen sci- 
ence, and offered examples of existing resources available to researchers 
and project co-ordinators, ranging from web development frameworks to 
virtual reality headsets. The majority of these resources were not devel- 
oped specifically for use in citizen science. Therefore, it is important to 
understand how these resources are being used in a citizen science con- 
text, as well as to assess their strengths and limitations for different citi- 
zen science contexts. 

To complement their existing database of citizen science projects, 
SciStarter is compiling a database of tools and technologies that citizen 
science volunteers can build, borrow or buy. This database will help 
project co-ordinators and volunteers to: 


e Find information about different tools and technologies, and deter- 
mine which are suited to their needs; 

e Access new tools and technologies by linking to blueprints, lending 
libraries and online marketplaces; and 

e Identify gaps in existing hardware and infrastructure, which could 
be filled by new collaborations between the citizen science and 
maker movements, bringing two participatory paradigms into closer 
alignment. 


Another opportunity lies in the collection and development of rel- 
evant data and metadata standards to promote the collection, sharing 
and use of interoperable citizen science data. This could include stand- 
ards for citizen science observations that follow the structure of acommon 
model, such as the ISO 19156 model for Observations and Measurement. 
A citizen science profile for this has been suggested in the Sensor Web 
Enablement for Citizen Science work within OGC (Williams et al. in this 
volume). 

Citizen science tools and technologies also need to be maintained as 
well as developed. On the one hand, building new technology for use ina 
citizen science project offers extensive customisation and opportunities 
for collaborative or participatory design. However, on the other hand, 
these technologies must then be maintained by the core project team, 
rather than relying on external developers. It is also important to consider 
how and where technologies will be deployed. For example, sensors used 
in the WeSenselt project? were installed in river banks, which are often 
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difficult for citizens to access so professional help was required to main- 
tain and service sensors (Mazumdar et al. 2016). 

There are numerous policy considerations to the development or 
procurement and use of citizen science technologies. Data quality is a crit- 
ical issue in citizen science, especially in policy contexts such as monitor- 
ing and regulation (see also Brenton in this volume; Williams et al. in this 
volume). It is important to consider fitness for purpose in all aspects of 
project design, including when designing or selecting citizen science tech- 
nologies. For example, while some environmental monitoring sensors 
may align with regulatory standards, others may not (Volten et al. in this 
volume). 

Funders and policymakers have both made it clear that citizen 
science activities should produce open and interoperable data. For exam- 
ple, recent guidance on crowdsourcing and citizen science issued by the 
Director of the US Office of Science and Technology Policy suggests that, 
‘federal agencies should design projects that generate datasets, code, 
applications and technologies that are transparent, open and available to 
the public, consistent with applicable intellectual property, security, and 
privacy protections’ (Holdren 2015). Guidance in the EU tends to rec- 
ommend a balanced approach to openness and emphasise interopera- 
bility. For example, in 2015 the European Commission’s Horizon 2020 
Framework Programme issued a call for the ‘Coordination of Citizens’ 
Observatories and Initiatives’ (SC5-19-2017) seeking a team of research- 
ers to help ‘promote standards’ and ‘ensure interoperability’. 

Some citizen science projects, particularly those run by government 
agencies, may be limited in the types of technologies they can use. The US 
Crowdsourcing and Citizen Science Act (15 U.S.C. § 3724 [2017]) tasks 
one government agency, the General Services Administration (GSA), with 
specifying the appropriate technologies and platforms to support citizen 
science activities. While these guidelines would strictly apply to all fed- 
eral employees, citizen science projects hoping to influence government 
decision-making would be wise to consult any published list of GSA 
guidelines for citizen science technologies and tools. Additional policy 
guidance in the United States, the EU and elsewhere is likely to be issued 
as citizen science continues to grow. 


Conclusions 


As citizen science has evolved, new technologies have emerged to enable 
citizens and communities to contribute to citizen science in a variety of 
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ways. The relevance, contribution and importance of technology in citi- 
zen science therefore demands much more attention from practitioners 
and communities. Mobile technologies will continue to revolutionise the 
field, an innovation particularly valuable for engaging new communities 
and stakeholders in citizen science, including younger populations and 
participants in developing countries. Technologies also support a wide 
range of project governance models. Many future citizen science endeav- 
ours will harness the power of social networking to larger effect in all 
aspects of research, with members of the public collaboratively conduct- 
ing research, validating and publishing results. Resources that support 
technology development by making it easier to build websites, apps, 
sensors and maps similarly lower the barrier to entry for top-down and 
bottom-up models of citizen science alike. At the same time, the use of vari- 
ous technologies should be carefully considered, taking into account par- 
ticipant demographics, affordability and access, and fitness for purpose. 
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Highlights 


e Open data and open standards promote interoperability, which in 
turn allows citizen science data to be more widely discovered and 
used. 

e Data reliability is essential for citizen science data to be trusted and 
align with environmental regulation and monitoring requirements 
from governments. 

e Contextualising data with metadata, including descriptions of their 
purpose and methods of dataset creation, allows users to evaluate 
their possible reuse. 

e Reuse of project results is ensured through the use of open data, 
open standards and by having good data reliability, metadata and 
documentation. 
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Introduction 


There is an increasing number and diversity of citizen science projects, 
which can potentially generate new data at a lower cost than professional 
data collection (De Longueville et al. 2010; Antoniou, Morley & Haklay 
2010; Friedland & Choi 2011) and arguably with greater value than those 
generated by expert knowledge alone (Fischer 2000; and see Danielsen 
et al. in this volume). When considering Ten Principles of Citizen Science 
(ECSA 2015), in particular openness and accessibility, these citizen sci- 
ence data have the potential to be a valuable source of information for 
decision-making and policy formation on local, regional and national 
scales. However, for the data to realise their full potential, a number of 
factors have to be considered. 

This chapter identifies the factors that affect citizen science data 
using examples from environmental monitoring and geographic infor- 
mation. These factors include open data standards and interoperabil- 
ity; data reliability and alignment with government environmental 
regulation and monitoring requirements; the contextualisation of data 
to enable users to evaluate its possible reuse; and the reuse of project 
results (see box 22.1). This chapter addresses each of these factors in 
turn to help specialists and non-specialists alike to better plan citizen 
science projects. 


Data contextualisation 


Data are only meaningful if they can be interpreted. Therefore, it is vital 
to know the context within which a particular dataset has been created, 


Box 22.1. Key factors when initiating a citizen science project 


e Data contextualisation — communicating the context in 
which a particular dataset has been created. 

e Data interoperability — enabling seamless reuse of resources 
(in this case, data and processing) across different systems. 

e Data quality - data quality has long been identified as the 
crucial challenge for the use of citizen science data. 

e Data reuse — data ownership and future accessibility. 
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including, for example, units of measure, measurement devices, pre- 
processing procedures, quality assurance (QA) mechanisms, uncertain- 
ties and intended use. As soon as a dataset needs to be understood by 
anybody other than by its creator (for example, by a customer, reviewer or 
peer), then this contextual information should be explicitly provided, 
ideally with the dataset itself. 

Some of the contextual description of why, how, when and by whom 
a dataset was created can be unambiguously provided using standard 
vocabularies and code lists (for example, for units of measure or particu- 
lar statistical processing algorithms). However, other information may 
bring uncertainty when interpretation takes place. The description of data 
provenance (i.e., the processing steps applied) is a typical case in which 
it remains difficult to keep track of a complete, up-to-date and reproduc- 
ible instruction. This holds particularly for datasets subject to intense 
experimentation. In citizen science, these issues are complicated by the 
training required to provide detailed contextual information about data, 
which may not be readily available to participants. 

Context again becomes relevant if a given dataset is applied to 
another, initially unintended, purpose. In such cases, the effects of the 
contextual change on possible interpretations of the data have to be care- 
fully examined. For example, in establishing if occurrences of fly fish- 
ing derived from social media can be used for an indication of river 
health. 

The creation of metadata is key to capturing contextual information. 
It would normally consist of the title, description, number of participants/ 
observations, contact details, and temporal and geographical extent of the 
data. If the data are combined with other data, legal constraints and data 
quality aspects such as lineage information should also be included. For 
the purpose of assessing data quality, the identity of the observer, location 
accuracy and potentially the device accuracy would also be required. 

Citizen science projects are constantly looking for new participants, 
and ways to make their project’s data available through as many means 
as possible, therefore making the efforts of the voluntary work as effec- 
tive as possible. Wide discovery of citizen science resources is important 
for maximising impact, creating additional value and encouraging reuse, 
beyond the scope of the original project. 

In support of this, scientists, journalists and citizens are continuously 
looking for datasets relevant to their field of study, typically querying a 
search engine or open data catalogue for datasets using keywords and a 
location/timeframe of interest. The use of common vocabularies makes 
metadata meaningful for different usages, for example, DCAT enables 
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interoperability with the open (government) data, schema.org enables 
discoverability and ISO19139 connects to the spatial data infrastructure 
(SDD community. 


Data interoperability 


As this book illustrates, citizen science can be extremely varied, with 
diverging objectives and research questions from within and across dif- 
ferent subject areas and geographic scales. The level and type of citizen 
participation also varies greatly (see Haklay; Ballard, Phillips & Robinson, 
both in this volume). Consequently, data are generated, analysed and pre- 
sented in a variety of ways. The case-by-case, tailor-made management 
and handling of datasets might serve their original intended purpose (for 
example, assessing water quality or monitoring birds) but is likely to 
reduce interoperability, in other words, the communication, exchange and 
use of data. This not only includes the interaction between machines, but 
also between machines and humans (users), and between communities 
of people themselves. 

Interoperability, which enables the seamless reuse of resources (in 
this case, data and processing) across different systems, can be reached 
by applying community-wide agreements. For example, agreeing on the 
use of software tools, data standards and best practices, or by improving 
data accessibility and exchange through ad hoc tools or community prac- 
tices. It can address the data themselves, but also the processes and ser- 
vices that generate and exchange data between any two parties (for 
example, between citizens and academics working on a national-funded 
research project, and between citizens and local decision-makers collab- 
orating for the benefit of the local community). Such processes help to i) 
ease the integration of data from different sources; ii) improve the reuse 
of data in other contexts; and iii) save resources in the development of 
data management and handling tools. Semantic interoperability provides 
interoperability at the highest level to exchange data with unambiguous, 
shared meaning and improve quality, efficiency and efficacy. Semantic 
interoperability adds to the possibilities of data sharing as well as the 
meaning of the data, linking any data elements with metadata and terms 
of vocabulary. 

There is a high diversity in the details of modelling, encoding and 
describing datasets, as well as in the communication protocols for data 
storage, processing and access. Museum collections, institutional bio- 
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diversity datasets and international projects have adopted extensions of 
the Darwin Core in multiple encodings, while the SDI favour other mark- 
up languages for sharing geographical data and metadata. Initiatives 
such as the PPSR_CORE Program Data Model Metadata Standard/data- 
sharing protocol are progressing this field. However, each initiative has 
a form of standardisation in mind, which prevents each new citizen 
science project from designing their own ontology relating to their domain. 
Once a known subset of standards for specific domains has been devel- 
oped, it will be much easier to write connectors (mappings) to interact 
between those standards, therefore greatly improving the data-sharing 
potential. 

Data standards (i.e., user-accepted norms on data models, formats 
and exchange protocols) are the key to achieving interoperability. The 
main challenges include the agreement of standards within a user group 
and across communities. The Open Geospatial Consortium (OGC), for 
example, has a long history in the technical specification of geographic 


Box 22.2. EC INSPIRE Directive 


‘The INSPIRE Directive aims to create a European Union spatial 
data infrastructure for the purposes of EU environmental policies 
and policies or activities which may have an impact on the environ- 
ment’ (European Commission 2017). It is based upon these com- 
mon principles: 


e “Data should be collected only once and kept where it can be 
maintained most effectively. 

e Itshould be possible to combine seamless spatial information 
from different sources across Europe and share it with many 
users and applications. 

e It should be possible for information collected at one level/ 
scale to be shared with all levels/scales; detailed for thor- 
ough investigations, general for strategic purposes. 

e Geographic information needed for good governance at all 
levels should be readily and transparently available. 

e Easy to find what geographic information is available, how it 
can be used to meet a particular need, and under which con- 
ditions it can be acquired and used”. 
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data and metadata (i.e., data documentation) models and encodings. 
The Sensor Web Enablement for Citizen Science (SWE4CS) proposal for 
a standard in the OGC exemplifies the need for flexibility when model- 
ling and exchanging citizen science data (OGC/CS DWG 2016). In some 
regions, standards are complemented by more conceptual frameworks, 
such as the legally binding European Directive 2007/2/EC to establish 
an Infrastructure for Spatial Information in the European Community 
(INSPIRE) (European Commission 2017; see box 22.2), and the US 
Crowdsourcing and Citizen Science Act of 2016 (Congress 2016). 

Experts are now widening the extension of these standards into the 
citizen science community. Currently, SWE4CS (Citizen Observatories 
2015), exists in parallel to a Volunteered Geographic Information (VGI) 
extension to the INSPIRE standards (Reznik et al. 2016). SWE4CS also 
enables the inclusion of concepts from other standards that are established 
in other areas. See box 22.3 for examples of common metadata standards 
for dataset discovery. 

As previously mentioned, metadata plays an important role in the 
data-sharing process. Beyond just providing an understanding of what 
is published, machine-to-machine understanding needs standardised 
interfaces with common exchange formats. This is not a requirement for 
citizen science data but would maximise their use and reuse. Few citizen 
science projects currently adopt standards for web services or data encod- 
ings, as most projects have yet to realise the benefits of sharing their 
data or are unaware of how best to do so. Agreements and technology 
implementations are needed, first to adapt established practices to new 
interoperable systems, and second to stimulate new projects to adopt 
standards and tools. 

Ongoing global initiatives such as the Group on Earth Observations 
Biodiversity Observation Network (GEO BON), which ‘aims to improve the 
acquisition, co-ordination and delivery of biodiversity observations and 
related services to users including decision-makers and the scientific com- 
munity’ (GEO BON 2017), and Global Biodiversity Information Facility 
(GBIF) ‘an open-data research infrastructure funded by the world’s gov- 
ernments and aimed at providing anyone, anywhere access to data about 
all types of life on Earth’ both provide guidance on aspects of interoper- 
ability within environmental monitoring (GBIF 2017). However, more 
needs to be done to get novice, local-scale citizen science projects to adopt 
these standards. 
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Box 22.3. Examples of common metadata standards for dataset 
discovery 


Dublin Core Vocabulary for resource description, used as a 
base vocabulary in other vocabularies (http:// 
dublincore.org/documents/dces/). DC is the 
default schema in Catalogue Service for the web, 
a metadata transfer protocol standard by Open 
Geospatial Consortium (http://www 
.opengeospatial.org/standards/cat) 

ISO19139 XML/XSD-based vocabulary to describe spatial 
datasets (https://www.iso.org/standard/32557 
.html), commonly used in the GIS domain 
(INSPIRE). 

DCAT Data Catalog Vocabulary is a Resource Descrip- 
tion Framework vocabulary to describe datasets 
maintained by W3C. Used in open data portals 
(http://www.w3.org/TR/vocab-dcat/). 

VOID Vocabulary of Interlinked Datasets is a vocabulary 
to describe linked datasets maintained by W3C 
(https://www.w3.org/TR/void/). 

schema.org Initiative of the main search engines to enable 
crawling web content as structured data. Contains 
a concept for dataset (http://schema.org/ 
Dataset). 

SDMX Vocabulary to describe datasets in the statistical 
domain (https://sdmx.org/). 

Datapackage Vocabulary to describe (and embed) datasets, 
maintained by Open Knowledge Foundation 
(https://specs.frictionlessdata.io/data-package/). 


Data quality 


It is commonly agreed that the lack of knowledge about data quality limits 
the use of citizen science data (Flanagin & Metzger 2008; Haklay 2010; 
Goodchild & Li 2012; Fowler et al. 2013; Hunter, Alabri & Ingen 2013). 
Furthermore, citizen science projects are designed to be carried out by 
non-experts, with controlled data collection methods to support scientific 
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integrity (Craglia & Shanley 2015). With project goals of i) enlarging par- 
ticipation and consequently data collection over space and time, and ii) 
ensuring that information embedded in the dataset varies according to the 
field of interest, context such as location, date and rules for data stand- 
ardisation should be specified as part of the project, but parameters for 
participation, such as skill level, interpretation and observation intensity, 
should remain flexible. However, where data collection protocols are not 
respected by participants or simply implemented incorrectly, the result- 
ing data could be of lower quality and potentially include misleading infor- 
mation. To further confound this, a learning effect has been reported in 
many citizen science studies, for example, participants get better at iden- 
tifying different species (see box 22.4; Peltola & Arpin in this volume), 
though their ability may differ between activities. To balance this, the 
iSpot crowdsourcing qualifying system, for example, uses a reputation 
score for participants over eight groups of species. The contributor’s rep- 
utation per species group acts as a quality measure of trust and can be used 
to evaluate their identifications over alternatives. Using this system, Sil- 
vertown et al. (2015) reported improvements in accuracy when multiple 
identifications were recorded, as well as the ability to quantify the level 
of confidence in observations. 

Some data quality issues can be addressed by using a QA process, 
either human or automatic, to produce metadata on data quality. This 
quality information establishes trust in an observation and the volunteer 
who produced it, in a similar way to the trust traditionally placed in experts 
(Alabri & Hunter 2010; Hunter et al. 2013; Bishr & Kuhn 2013; Zhao 
et al., ‘A Spatio-Temporal VGI Model’, 2016). This trust is then transfer- 
able to the data themselves (Leibovici et al. 2017a). 

A human-based QA process, such as peer verification, allows project 
participants to help identify and validate the observations provided by 
new users (Warncke-Wang et al. 2015; Antoniou & Skopeliti 2015). This 
peer verification, crowdsourcing the quality assessment or ‘wisdom of the 
crowd’ (Surowiecki 2005), enables some control in the same way that 
Wikipedia allows editing of an article to support convergence towards 
shared narratives. In Wikipedia, the data themselves are subject to peer 
verification quality improvements and the edits are logged (Warncke- 
Wang et al. 2015; Mobasheri et al. 2015). For citizen science, most of the 
time the data will not be as modifiable as in Wikipedia. However, they will 
have a quality that may be identifiable, and according to the level of qual- 
ity and reliability that was attributed to the data, it may be reused regard- 
less of whether it has been validated or not. Nonetheless, multiple citizen 
science observations in the same location or made at the same time can 
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allow for application of a similar process as in Wikipedia editing. Volun- 
teered geographic information (VGI) such as OpenStreetMap (OSM) data 
follows this principle (Haklay 2010). 

Peer verification, such as expert verification, is not without issues 
(Wiggins et al. 2011; See et al. 2013). The volume of data to be checked 
and verified can be overwhelming, and errors made in human verifying 
may still have implications. The development of geo-computational QA 
offers greater scalability with constant reliability of assessment, ensuring 
better comparability (Kelling et al. 2011; August et al. 2015; Meek, 
Jackson & Leibovici 2016; Leibovici et al. 2017a). With this, stakeholders 
setting up a citizen science project can define the QA with its requirements 
based on rules defining the levels of quality, which are then transformed 
into a workflow of quality controls, generating the metadata on data 
quality. 

It is possible to use automatic QA to complement peer assessment, 
accumulating trustworthiness in the volunteers (Leibovici et al. 2017b) 
(see box 22.4). The impact of these different QA methods can vary, so as 
part of the whole data curation process the QA has to be designed, agreed 
to for the usage of the citizen science data, and published as part of the 
metadata (Higgins et al. 2016). 

Assessment standards are still to be finalised to communicate meta- 
data on data quality, and will be an addition to the interoperability dis- 
cussed above. Currently, the IS019157 metadata standard for geographical 
data is applicable to citizen science as it produces geolocated data. This 
includes ‘usability’ but omits quality dimensions, such as trust and num- 
ber of participants. Therefore, on top of the ‘producer’ model represented 
by ISO19157, citizen science demands a ‘stakeholder’ model to assess the 
participant (as a sensor) and a ‘consumer’ model through which peers give 
feedback on an observation (Meek, Jackson & Leibovici 2014; Leibovici 
et al. 2017 a). 


Data reuse 


Supporting and planning for the reuse of data collected through citizen 
science activities is key for realising their long-term value. There are sev- 
eral aspects that need to be considered when planning for sustainable data 
management, such as the intellectual property rights (IPR) associated 
with contributions from citizens with respect to patents and copyrights 
(Scassa & Chung 2015a). The raw data contributed to a citizen science 
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Box 22.4. Quality assurance in an invasive species survey of 
Fallopia japonica (Japanese knotweed) in Wales (Leibovici et al. 
2017b). 


This example is typical of a plant identification survey and illus- 
trates the different dimensions of quality that are important in 
citizen science. Participants were trained to identify Japanese 
knotweed and were sent to the Snowdonia National Park in Wales 
to locate, capture geolocated pictures and answer questions on 
invasive species. Reliability in the location and identification of the 
plant were the most important quality assessment criteria. 

When it is not possible to manually assess each observation 
for accuracy, rules can be established to help assess the observa- 
tion based upon factors such as proximity to cultivated land and 
forest, rivers or paths, but these can in turn be compromised with 
poor positioning (propagation of error). Modelled Earth observa- 
tion data can also be used to assess the likelihood of species pres- 
ence although this includes problems such as satellite imagery 
from different dates to that of volunteer data capture. Confirmation 
from multiple observations or closeness of observations can also 
be used. 

Combining these imperfect rules and quality controls could 
lead to an improved QA. Furthermore, adding bespoke rules con- 
cerning the interaction of the factors may also improve the final 
assessment, and therefore their reusability. 


project have no copyright, but the form in which the data are presented 
may qualify for copyright, for example, with photographs or written 
text. Therefore, it is important for citizen science projects to consider what 
contributions might be subject to IPR and the form in which the contri- 
butions are made. 

To help developers of citizen science projects consider these issues, 
Scassa and Chung (2015a) provide a typology that categorises citizen sci- 
ence projects into four types: i) classification or transcription of data; ii) 
data collection; iii) participation as a research subject; and (iv) problem- 
solving, data analysis or development of ideas. They argue that there will 
be minimal IPR issues related to the first three categories based on exam- 
inations of the form of participation in different citizen science projects, 
for example, those found on Zooniverse. However, they also identified 
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examples of projects that collect photographs or written text and there- 
fore may be subject to copyright issues. The fourth type of citizen science 
project has potential patent issues since citizens may engage in inventive 
activities that could lead to patent rights, of which developers of citizen 
science projects should be aware. Within the EU there are additional data- 
base rights provided through the EU Database Directive. Licensing is one 
way to handle these IPR issues. For example, OSM has an Open Database 
License that specifies use of the data by anyone for any purpose provided 
attribution is given to the project and its contributors as a whole. 

When initiating a citizen science project, the two primary high-level 
considerations regarding IPR and citizen science are (1) what background 
IPR will be used (for example, knowledge and data) and what restrictions 
is it subject to; and (2) if the project wishes to allow access to the knowl- 
edge and data (and to what level — see box 22.5) generated by the project 
(foreground IPR). Guidance on IPR is available from multiple governing 
bodies, organisations and institutions. Ultimately, how the IPR for any citi- 
zen science project is handled should be set out in the terms of partici- 
pation in a project (the ‘terms of use’) (Scassa & Chung 2015a) so that 
participants are clear on these conditions and can agree to them during 
registration, prior to data collection. 

A further consideration for data reusability is personal privacy. Pro- 
tecting participating citizens’ privacy is a key priority in a citizen science 
project (Bowser et al. 2014). When individuals provide data as part of a 
citizen science project, data may be stored with the individual’s personal 
details. The contribution may sometimes require that the citizen’s iden- 
tity is known or can be known if necessary, or the citizen might wish to 
restrict, or actively promote, the attribution of their contribution with 
their personal details. Location-based information, recorded using mobile 
devices, can further reveal the position of individuals as well as their move- 
ments. This information could inadvertently be used to locate individu- 
als in space and time, and in some cases, identify their home address or 
workplace. Regardless of the intended use of the personal information col- 
lected during and after the project, it must be stated in projects’ ‘terms of 
use’ at the point of registration or, as a minimum, prior to commencement 
of data collection. 

Many countries have data protection laws that protect individuals; 
however, these vary from country to country (Dyson et al. 2014). For 
Europe, the EU Regulation 2016/679 will protect EU citizens in terms of 
the processing and free movement of personal data. This regulation comes 
into force in 2018. Some principles are that users must be able to control 
their personal data at any time, including the inspection and deletion of 
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Box 22.5. Open data 


The proliferation of open data can bring new opportunities in 
environmental monitoring (and other areas), by allowing cross- 
validation, data conflation, or increased temporal or spatial coverage. 
Citizen science data have a role to play in this open data movement, 
where open data is defined as the following: 


Open data is publicly available data that can be universally 
and readily accessed, used, and redistributed free of charge. 
Open data is released in ways that protect private, personal, 
or proprietary information. It is structured for usability and 
computability. (Verhulst & Young 2016) 


One way in which citizen science data can be released as 
open data is using the Creative Commons (CC) open data licensing 
framework. Creative Commons encourages sharing under any of 
its licences as a way to create a more open data culture. Examples 
of CC licences that conform to the open definition and which could 
be suitable for use with citizen science applications (providing this 
intent was stated in the project’s terms of participation, prior to 
citizen participation) are: 


e Creative Commons (CCO), 

e Creative Commons Attribution 4.0 (CC-BY-4.0), 

e Creative Commons Attribution Share-Alike 4.0 (CC-BY- 
SA-4.0). 


By releasing project data under one of the established CC 
licences, thus allowing any restrictions on their use to be fully 
understood, the likelihood of data reuse greatly increases. 


their personal record. Personal data can only be collected for a particular 
purpose and the user must agree to this (i.e., give prior consent) before 
the data are exchanged. The personal data collected should also be lim- 
ited to what is absolutely necessary, which requires knowing this infor- 
mation for a given project in advance. This regulation means that 
implementation of pan-European citizen science platforms can be chal- 
lenging. Moreover, this becomes problematic if there is personal data 
exchange to countries outside of the EU, where there is none, or a varia- 
tion in personal data protection legislation. One example would be the 
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United States, which has passed the Crowdsourcing and Citizen Science 
Act of 2016. This act endeavours, ‘While not neglecting security and pri- 
vacy protections’, to make data collected through a citizen science project 
open and available, in machine-readable formats, to the public. As part 
of this process, federal agencies are required to inform participants on the 
expected uses of a project’s data and if project results will be made avail- 
able to the public. Furthermore, federal agencies would retain ownership 
of such data. 

Data may also be collected about people, species or other entities 
that exist in real life. In this context, privacy and security not only play a 
major role to ensure the protection of personal data from citizens but also 
the well-being of the objects observed. Two types of ‘objects’ can be iden- 
tified: i) primary objects about which the citizen is collecting information, 
for example, the ancient tree in a photograph; and ii) secondary objects 
that are recorded with the primary object, either by accident or because it 
was not possible to record just the primary object, for example, if the 
ancient tree was located alongside a school with children playing outside, 
who are also captured in the photograph. The spectrum for protection of 
these objects is manifold but can be condensed to conditions that apply 
when making observations electronically available. For example, the 
observations in time and location for endangered species are one type of 
information that may not be made available to the general public (primary 


Box 22.6. Data contextualisation, interoperability, quality and 
reuse, in practice 


An example of the key considerations for citizen science projects in 
practice is Geo-Wiki, which is an online platform and set of mobile 
tools for improving global land cover datasets (Fritz et al. 2012). 
Geo-Wiki was designed to address the problem of the high spatial 
disagreement that can be observed when different global land cover 
products are compared (Fritz et al. 2011) and to use data collected 
by citizens to create improved hybrid land-cover maps (See Fritz 
et al. 2015). In the online tool, citizens are asked to interpret land 
cover using medium-resolution satellite imagery from Google Earth 
and Bing; and more recently images from the Sentinel-2 satellite 
have been added. In the mobile apps, citizens are guided to locations 
and asked to classify the surrounding land cover and land use, sup- 
plementing their observations with geo-tagged photographs. More 


(continued) 
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opportunistic tools are also available for recording land cover and 
land use at any location. 

To involve citizens in the data collection process, the Geo- 
Wiki team have run a number of citizen science campaigns that 
have lasted a few weeks to six months. Various incentives are used 
to encourage participation, from prizes to co-authorship on scien- 
tific papers. More details of various campaigns can be found in See 
et al. (2015); Sturn et al. (2015); and Laso Bayas et al. (2017). 

The four key issues discussed in this chapter have been tack- 
led by the Geo-Wiki project. The raw data collected during the first 
set of citizen science campaigns have now been published in an 
open-access repository, PANGAEA (Fritz et al. 2017). Data from a 
more recent campaign focusing on classification of imagery for 
crop-land has also been published in PANGAEA (Laso Bayas et al. 
2017). This publication of the data supports both the interoper- 
ability and reuse of the project by encouraging reuse of the data 
for applications such as land cover map development (as training 
data) and for the evaluation of land cover maps (i.e., validation). 
Although the data do not follow a specific metadata standard, they 
are supplied with accompanying metadata that explains each of 
the data fields. The contextualisation is provided through the 
narrative that accompanies the publication of the data (Fritz et al. 
2017; Laso Bayas et al. 2017) and the land-cover definitions used 
are generic enough that they can be applied to many other land- 
cover products. 

The data have been published open access in raw form so 
that users can apply their own data quality measures to the obser- 
vations and filter them based upon the needs of their own applica- 
tions. The data quality has been analysed and reported in a 
number of different papers using a variety of methods, ranging 
from comparison with authoritative or expert data sources to dif- 
ferent conflation methods such as majority voting when multiple 
observations are available for a single location (See et al. 2013; 
Laso Bayas et al. 2017; Salk et al. ‘Local Knowledge’, 2016; Salk 
et al., ‘Assessing Quality’, 2016; Salk et al. 2017; Zhao et al. 2017). 
Overall the reliability has been good and lessons have also been 
turned into recommendations to further improve it, such as meth- 
ods to enhance the training of the citizens, more effective use of 
real-time feedback, and so forth. 
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objects). In general, observations that contain children or sexual content 
as well as violent language must be redacted according to the Western law. 
Furthermore, personal identifiers such as car license plates, doorbell signs 
and people who did not agree to be visible (secondary objects) must also 
be removed. This ensures the privacy and well-being of the secondary 
objects. Automatic or semi-automatic processing of this typically involves 
functions that can be identified as a privacy/security extension to QA, 
where the objective is to be compliant with the governing law. 


Conclusions 


Citizen science data can act as timely evidence for various decision-mak- 
ing processes that impact on citizens’ lives and surroundings, including 
environmental policy. However, it is only with good management of data 
and metadata, particularly when it comes to data reliability, that citizen 
science data can fulfil their role of empowering citizens. 

Establishing the evidence that citizen science can be used effectively 
for policy will take time (see Nascimento et al.; Shirk & Bonney, both in 
this volume). However, in order for policy to realise its full benefit, the 
ability to share and use data across platforms and stakeholder groups is 
essential (Higgins et al. 2016). To maximise the impact and reusability of 
citizen science data, citizen science projects should therefore adopt stand- 
ards for web services or data encodings and, where possible, adapt previ- 
ously collected observations to these standards. This allows other citizen 
science initiatives on the same or complementary topic to reuse the data 
generated. 

Being able to ingest, conflate and disseminate citizen data across sys- 
tems not only supports the generation, assessment and sharing of citizen 
science data as evidence suitable for decision-making, but also improves 
its impact and reusability. This is achieved through the transmission of 
data to other interoperable systems, used by other projects and purposes, 
to stimulate more targeted research, societal benefits and potentially com- 
mercial revenue. 

The field of citizen science is both long-established and continually 
evolving. New technologies and understandings provide the potential to 
increase the impact of citizen science projects. The Ten Principles of Citi- 
zen Science offer some guidance in the area of maximising the impact 
and reuse of citizen science data (ECSA 2015). However, further techni- 
cal work is needed in the areas of domain-specific citizen science meta- 
data and data quality (among others). Additionally, specific guidance on 
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the areas of IPR and privacy would contribute towards citizen science 
data reaching their full potential. In support of this, dedicated organisa- 
tions such as the European Citizen Science Association (ECSA), the 
Australian Citizen Science Association (ACSA) and the Citizen Science 
Association (CSA), and other organisations with domain-specific work- 
ing groups, such as the OGC and the Committee on Data for Science and 
Technology (CODATA), among many others, continually work towards 
these common goals. 
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Highlights 


e Citizens are highly motivated to contribute to air quality measure- 
ments that complement existing measurement networks because 
of their high spatio-temporal resolution; 

e Data needs to be assimilated, for example, using models; 

e Low-cost sensors need to be developed further, and their applica- 
tion calibrated and validated; 

e Easily accessible expert information and feedback is needed to sup- 
port participants; 

e Environment protection agencies (EPAs) can both support and 
benefit from citizen science using small sensor networks. 
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Introduction 


A key motivation for national environmental protection agencies (EPAs) 
to support and participate in citizen science is to allow these knowledge 
institutes to get out of the well-known scientific ‘ivory tower’. Citizen sci- 
ence is one way to shape science-society relationships in a more interac- 
tive and reflexive way. Reflexivity means scientists being aware of the 
potential societal effects of their research and taking these into account 
in their choice of research objects, methods and approaches. It is assumed 
that the reorganisation of governmental scientific advice along the lines 
proposed by reflexive scholars will increase the accountability, quality, 
effectiveness and legitimacy of scientific expertise in society (Funtowicz 
& Ravetz 1993; Nowotny, Scott & Gibbons 2001; Jasanoff 2003; and see 
also Smallman; Mahr et al., both in this volume). 

At the same time, EPAs can be useful partners to more local citizen 
science projects because this relationship facilitates better data collec- 
tion (see also Owen & Parker in this volume). Often, the initiative for an 
air quality citizen science project is (at least partly) taken by a municipality. 
For municipalities, citizen science provides the opportunity to improve 
the connection between citizens and their living environments by study- 
ing the environmental conditions of their direct local vicinity. For EPAs to 
support this, however, a lot of learning is needed, including about the 
governance of long-term data collection, the dissemination of results and 
the use of platform technology with open data (see Williams et al. in this 
volume). 

Citizen science is not only beneficial for its organisers, but also pro- 
vides participants with the opportunity to democratise science, and to 
learn about the scientific topic of focus. In a relatively recent literature 
review, Haywood (2014) collects claims about the benefits of citizen 
science for its participants (table 23.1). These benefits are dependent 
upon interactions at the local level and the way collected data is made 
available to participants (e.g., in maps and with adequate explanation). 

This chapter summarises the involvement of the Dutch National 
Institute for Public Health and the Environment (RIVM) in a series of citi- 
zen science projects, to draw out some of the potential benefits and 
challenges of EPA involvement. It then describes the RIVM’s roadmap 
to further develop the use of citizen science in its national monitoring 
programme, to provide an example for other official, national-level insti- 
tutions that may seek to benefit from citizen science. 
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From ad hoc citizen science to national 
measurement networks 


The RIVM began its involvement in citizen science around 2012 with its 
ad hoc participation in several air quality citizen science projects. The pro- 
jects were varied, and it took a while before the significance of the citizen 
science movement was fully recognised. In 2016, the RIVM and the Dutch 
Ministry for Infrastructure and the Environment (responsible for air qual- 
ity in the Netherlands) agreed to start a programme to innovate its 
national air quality measurement network (LML). The project should 
enable small sensors and citizen science to become an integral part of the 
monitoring procedures. The innovation programme has a timeframe of 
five years (2016-2020). 

In short, the ambition is to make citizen science data an integral part 
of standard procedures and models for determining air quality. This is a 
way to not only motivate participation in citizen science, since it is more 
rewarding when the measurements are actually used, but also to make 
citizen science sustainable, which is often lacking. The final goal is to have 
a hybrid, flexible network using data from different types of sensors, 
including reference instruments, intermediate- and low-cost, and satellite 
observations. The data can be contributed by different parties, including 
citizen groups, cities, non-governmental organisations (NGOs) and offi- 
cial measurement institutes. 

There are several reasons why the RIVM decided to participate in 
citizen science. Innovation of the air quality monitoring network is in part 
affected by the fact that such a network is expensive, making better and 
more cost-efficient solutions welcome. In addition, advances in micro 
technology (especially sensor technology) and the spread of smartphones 
have democratised the ability to perform air quality measurements. This 
means that practically all stakeholders and citizens can do air quality meas- 
urements if they want to, perhaps because they do not trust the model- 
based data from the authorities or because data for their specific location 
are not available. For EPAs this presents an opportunity as well as a chal- 
lenge. Environmental protection agencies may profit from the high spa- 
tial and temporal resolution observations in the urbanised environment, 
if they find a way to assimilate these data in air quality and meteorological 
models to provide forecasts to the public. The involvement of citizens brings 
the prospect of having the dense coverage of observations needed for 
this purpose. 
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The next section describes several citizen science projects RIVM took 
part in and reflects on lessons learned and experiences gained. It also pro- 
vides a brief description of innovations in environmental monitoring, 
and how these will help to ensure the continuity and effectiveness of citizen 
science measurements. 


Collaboration with stakeholders and local initiatives 


Measuring Ammonia in Nature 


Since 2005 the Measuring Ammonia in Nature (MAN) network has moni- 
tored atmospheric ammonia concentrations in nature reserves in the Neth- 
erlands. The monitoring network is an example of citizen science even if it 
never was explicitly identified as such. Measurements are performed with 
commercial passive samplers, which are calibrated monthly against ammo- 
nia measurements of active sampling devices. The sampling is performed 
by an extensive group of local volunteers, mostly rangers, which minimises 
the cost and enables the use of local knowledge (Lolkema et al. 2015). 


Fig. 23.1 A ranger exchanging a passive ammonia sampler. 
(Source: Erik Noordijk) 
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Without the unpaid help of the rangers, a monitoring network like 
this would not be affordable. The network provides countrywide cover- 
age, crucial input for policy and a community of committed rangers. 


Lesson learned: Including the voluntary help of societal partners may be a 
cost-efficient way to build a monitoring network on a scale that simply 
would not be feasible without trusting measurement devices to non- 
experts. 


NO, measurements by Friends of the Earth Netherlands 


One of the first citizen science projects RIVM had a small role in was led 
by Friends of the Earth Netherlands. Since 2012, Friends of the Earth and 
local community groups have been measuring nitrogen dioxide (NO,) 
concentrations with Palmes tubes, a rather simple but well-established 
method to obtain monthly averages, at about 100 locations in the Neth- 
erlands. Friends of the Earth wanted to get an impression of local air qual- 
ity and subsequently ask local authorities to take responsibility for good 
air quality. RIVM contributed in two ways. First, the Palmes tubes meas- 
urements were calibrated by mounting them next to official measurement 
stations of the RIVM, the Municipal Health Services (GGD) of Amsterdam 
and the Environmental Protection Agency of Local and Regional Author- 
ities in the Rijnmond region (DCMR). Expertise from RIVM was used in 
the quality control of the measurements and subsequent calibration. 
Second, RIVM provided standardised procedures to calculate the air 
quality at the different measurement locations. These model results were 
compared to the measurements to independently assess the quality of 
the models used in the Netherlands. 

The measurements show that NO, concentrations are still high in 
several locations in large cities, and sometimes exceed the legal limit for 
yearly averages. The NO, concentration measurements in the citizen sci- 
ence project were compared with the values calculated by RIVM using the 
official Dutch modelling system, and found to correspond well (Knol & 
Wesseling 2014). 

Despite of the different roles of RIVM and Friends of the Earth, both 
parties benefit from this collaboration. Addressing the quality of the meas- 
urements together at the outset, sorting out differences in methodology 
and other potentially confusing issues, means that the final discussion is 
about the values measured rather than concerns about the quality of the 
measurements. 
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Lesson learned: Even if citizens, NGOs and EPAs have different goals, they 
all want reliable data, which is a good reason to work together. 


Measuring air pollution with your iPhone - iSPEX 


The iSPEX project (http://ispex-eu.org), initiated in 2012, played a deci- 
sive role in changing RIVM’s views on the way that citizen science can 
contribute to environmental science. The project uses state-of-the-art 
technology and citizen science on an unprecedented scale for environ- 
mental monitoring, with more than 3,000 participants and over 10,000 
contributed measurements. The iSPEX project propagated a relatively 
new type of citizen science, where a large group of participants turn their 
smartphones into measurement devices. Within this innovative type of 
citizen science, iSPEX distinguished itself by collecting and transmitting 
data to a central database. In the Netherlands, the data collection was 
organised in two large-scale, nationwide measurement campaigns (scal- 
ing up in 2015 to 11 major European cities). Alongside the scientific 
project partners Leiden University, Netherlands Research School for 
Astronomy (NOVA), Netherlands Institute for Space Research (SRON), 
the Royal Netherlands Meteorological Institute (KNMI) and RIVM, soci- 
etal partners played an important role, especially the Lung Fund (a patient 
organisation for lung diseases), which supported publicity and the distri- 
bution of iSPEX add-ons. 

The project measured the properties of particulate matter (aero- 
sols) with iPhones supplemented with a small add-on for the camera. 
Together with a special iSPEX app that explains the measurement process 
and transmits the data, this add-on transforms the iPhone into an advanced 
measurement device. Only iPhones were used because of the uniform 
position of the camera and the calibration of the add-on. The participants’ 
measurements were compared with, and complemented by, measure- 
ments from scientific equipment. One of the primary project goals was to 
find out how accurate the massive isPEX measurements were, and what 
kind of additional information the measurements can provide. The exper- 
iment was successful and the scientific results have been published by 
Snik et al. (2014). 

A study of the Dutch participants was conducted in close collabora- 
tion with the department of science communication of Leiden Univer- 
sity (Land-Zandstra et al. 2016). The study aimed to examine (1) citizens’ 
motives and conditions for (continued) participation in iSPEX; and (2) 
the impact of participation on citizens’ understanding of both science and 
aerosols. An online survey showed that the project had attracted an older, 
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Fig. 23.2 The iSPEX add-on on the left; instructions for taking 
measurements on the right. (Source: isPEX Team) 


male, well-educated audience, typical for many citizen science projects. 
However, the project did attract people with limited previous experience 
with science and scientific research. There were two dominant reasons 
for participants joining the iSPEX project: (1) a desire to contribute to 
scientific research, the environment or health; and (2) an interest in sci- 
ence or more specifically in aerosols and their impact on health and the 
environment. 

Respondents reported that their participation in the iSPEX project 
taught them how citizens can contribute to science and iSPEX was the 
first time many had participated in a citizen science project. Although 
there was agreement that they learned more about aerosols and their 
impact on health, understanding of the science behind the project was 
rather low. Respondents were primarily motivated by the prospect of con- 
tributing to a larger goal and liked that the measurements took a limited 
amount of time and could be done individually. Most importantly, the par- 
ticipants were motivated to contribute frequent measurements, including 
for longer projects. However, continuing the project would require signifi- 
cant investment in technology and operational costs. Therefore, additional 
funding would be necessary to establish a stable monitoring network for 
iSPEX observations. 
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Lessons learned: In principle it is feasible to have a large group of citizen 
participants performing measurements, and the results can be scientifically 
valuable and complement professional measurements (mostly in terms 
of spatio-temporal resolution). The limited amount of self-reported learn- 
ing and understanding of the science imply that projects based on complex 
science need to find ways to ensure their participants understand what 
their measurements mean. Projects that use smartphones as measure- 
ment devices have the potential to attract a new audience to citizen science. 


Waag Society Amsterdam Smart Citizens Lab 


To experiment with more bottom-up citizen science approaches, the RIVM 
participated in the Amsterdam Smart Citizen Lab initiated by Waag Soci- 
ety in 2015 (Henriquez 2016). The idea behind the project was for citizens 
to develop tools and instruments that enabled them to register, measure 
and understand aspects of their direct living environment. The environ- 
mental focus was decided by participants themselves. Waag Society 
provided the facilities to build the tools in its Fab Lab, which included 
laser cutters and 3D printers. Other project partners included Wagenin- 
gen University and the municipality of Amsterdam. 

Over seven months citizens could participate in six workshops in 
which researchers from Waag Society and RIVM gave in-depth lectures 
concerning the large number of affordable DIY sensors and measuring kits 
available, and their differences compared to professional sensors. Partici- 
pants were introduced to successful online citizen science platforms, 
technologies and additive manufacturing techniques that together make 
DIY sensing networks possible. Three teams were formed that focused on 
wind energy, air quality and noise pollution. 

The outdoor-air-quality group included air-quality scientists from 
RIVM and Wageningen University, and the combination of both ordinary 
people and air-quality-sensor professionals helped the project progress 
(Jiang et al. 2016; Henriquez 2016). Initially, RIVM experts intended to 
be observers but soon became motivators and trusted sources of informa- 
tion. Their involvement increased confidence in the project and motivated 
participants; and their expertise helped participants assess ideas. The 
group succeeded in developing and testing new sensors and a sensing 
platform. The NO, sensor developed was significantly cheaper than those 
currently installed at official air quality-measuring stations. A flaw of the 
sensors was that they were over-sensitive to many factors and it was diffi- 
cult to solve all hardware and software issues. An upgraded version of 
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the same sensor was used in another citizen science project, Urban AirQ 
(see http://waag.org/en/project/urban-airq). 


Lessons learned: The support of experts is often welcome and the chances 
of success increase if experts take citizen science seriously by providing 
support and information. Timing is crucial as participants need enough 
information at an early stage, when the plans can still be adapted and 
improved. Nevertheless, too much information limits their freedom: par- 
ticipants have different goals from EPAs and may want to measure with 
new technologies, or measure other pollutants for which there is not (yet) 
legislation. 


Nijmegen Smart Emission project 


RIVM is a partner on the Smart Emission project in the city of Nijmegen, 
initiated as a pilot project by Radboud University and the municipality. 
The project has its origin in Geographic Information Systems (GIS) and 
participatory mapping and planning, outside of RIVM’s usual disciplines. 
The project aims to create and test the concept of a citizen sensor network, 
including a feedback loop of information from interested participants to 
sensors and back. It involved data analysis by students, information and 
communication technology companies providing the new sensor technol- 
ogy (hardware and software) and (geo-) professionals creating the nec- 
essary spatial data infrastructure. 

As the pilot progressed, plans were continuously adapted to the 
needs of the project partners (with increasing enthusiasm from the munic- 
ipality), technical possibilities (including the challenges of battery life 
and long-range data transmission) and wishes of participating citizens 
(through feedback processes). The first sensors were developed by SME 
companies ‘Intemo’ and ‘CityGIS’ and 34 were installed at the time of 
writing following advertisement for volunteers to accommodate a sensor 
(requiring a power-supply and Wi-Fi) in a local door-to-door magazine. 
The sensors not only register air quality, but also noise, light intensity, low- 
frequency vibrations, temperature, air pressure and relative humidity. 
Challenges remain, including need for the dataflow and data algorithms 
to work with the downtime of individual sensors, which may shut off tem- 
porarily when the interior gets too moist. 

The project will compare local data from small and cheap sensors 
with the data from the RIVM air quality measurement network. A clear 
decision was also made for the project to be open and transparent. The 
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research team shared the information portal and raw measurements with 
participants and other researchers as soon as they were available, and 
asked for direct feedback. In this way, the citizens were taken on board as 
co-working participants. For example, a digital forum for questions and 
answers was added to the portal, at the request of participants, so that dis- 
cussions could take place between researchers and participating citizens 
in between meetings. In this way, the research team learned a lot about 
participants’ needs and wishes, including the fact that there are large dif- 
ferences in their information needs: Graphs and pictures satisfy some, but 
others prefer the data behind the visuals. This shows the importance of 
transparency and flexibility in presenting information in various ways. 
Participants also learned about the process of gathering raw data, the con- 
struction of a data infrastructure, etc., and overall this feedback approach 
increased mutual trust (see also Hecker et al. ‘Stories’ in this volume on 
communicating with participants). 


Lessons learned: Flexibility can be the key to success. It is possible to cre- 
ate a relatively low-cost network to monitor environmental parameters 
with citizen participants. Open data and transparency can create trust and 
a better understanding for both citizen participants and experts. 


Ik heb last (I suffer now) app http://ikheblastapp.nl/ 


The Ik heb last (I suffer now) app is innovative because it directly uses 
the health complaints of individuals as indicators for environmental issues. 
The air quality in the Netherlands is continuously improving, but a sig- 
nificant number of people suffer from air pollution. Information about 
air pollution can help people to match their activities and medicine use 
with geographical locations. Estimates can be made for the Dutch popu- 
lation as a whole, but this may mean something different at the individ- 
ual level. 

The purpose of the ‘I suffer now’ app is to enable citizens to indicate 
that they have issues with their respiratory system. Reports can be matched 
with different air quality conditions and patterns derived using ‘big data’, 
which enables a forecast of sensitivity at the individual level. This fore- 
cast provides the user of the app the opportunity to plan activities and 
medicine intake. For RIVM and its partners, Friends of the Earth Nether- 
lands, Lung Fund, Utrecht University and Hogeschool Rotterdam, the data 
gathered could improve the identification of causes and exacerbations of 
respiratory symptoms. Moreover, the project tests citizen participation and 
which incentives might drive this. 
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Lessons learned: Projects of this kind are innovative but complex, and par- 
ticipants require more feedback. However, they have the potential to 
directly measure effects on health, including on an individual level. The 
coming years will show how this approach may best be deployed. 


Innovation for national EPAs 


Recurring themes emerge from the various citizen science projects above 
that are relevant for an EPA and its societal partners: 


1. Citizens are motivated to contribute to air quality measurements 
that complement existing measurement networks because of their 
high spatio-temporal resolution. 

. Data needs to be assimilated, for example, in models. 

. Low-cost sensors need developing. 

. Low-cost sensors require application calibration and validation. 


ua AUN 


. Easily accessible expert information is needed. 


The second point — about the assimilation of data in models — is per- 
haps the most challenging, and vital to ensure continuity in the measure- 
ments and motivation of citizen participants. Applying the data requires 
flexibility; this includes coping with data that do not meet the high- 
quality standards of official monitoring networks. Data science may help 
in dealing with cross-sensitivity or instability in measurements. Model- 
lers may also be able to include data with a lower accuracy or of a different 
nature from official measurements (see Williams et al. in this volume). 
RIVM has concluded that citizen science measurements should be an inte- 
gral part of the existing national monitoring network and employed in 
real-time modelling procedures. The current innovation of the monitor- 
ing network is intended to provide a stable basis for the testing, calibration 
and use of citizen science data. 

A natural role for the EPA as a reference institute is to assess the qual- 
ity of the data. In practically all the citizen science projects above, the 
quality of the data was a big issue. Although most relatively cheap sen- 
sors measure at least something, the relationship with official air quality 
measurements can be poor or even absent. The measurements by national 
EPAs can serve as a reference to aid the calibration of cheap sensors used 
in citizen science projects. 

It is also important to recognise that citizens’ need for informa- 
tion and data is diverse. In the Smart Emission project in Nijmegen, for 
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example, some participants demanded more information and detailed 
insight into the underlying raw data, but others wanted less information. 
Although some wanted the data in a simplified form (e.g., good/bad rank- 
ings using colour codes or emoticons), making the underlying ‘compli- 
cated’ data available gave participants more confidence in the data and 
project. It is therefore crucial that data is open and available at a basic 
level, and that it is presented at different levels of complexity and in dif- 
ferent forms (numbers, graphs, colour codes, etc.). 

RIVM is currently developing an interactive knowledge and data por- 
tal for citizen science related to air quality monitoring (see also Brenton 
in this volume). This portal will be made in open collaboration with citi- 
zen participants and aims to connect with them by supplying knowledge 
and data in a way that is understandable to the interested public, and that 
has been adapted to their needs. The aim is to become an important source 
of information for air quality—related citizen science in the Netherlands. 
There is also a YouTube channel (Samen milieu meten) to experiment with 
short videos, for example to answer frequently asked questions, to intro- 
duce or explain different types of innovative measuring devices, or explain 
background information (e.g., What is particulate matter composed of? 
How can it be measured?). Tutorials will also be available showing how to 
build a sensor kit or download data). The focus is on air quality because of 
the interest of citizens, technological innovations and the authoritative 
role of RIVM in monitoring air quality. However, the generic knowledge 
and experience gained may be used for other environmental domains 
like noise, light, radiation, soil and water. Providing a knowledge and data 
portal will encourage and support long lasting data collection by citizen 
science projects. Consequently, citizen science will be an essential ele- 
ment of Dutch national monitoring networks. 

Sensors for, among others, air quality and Internet of Things appli- 
cations are developing at a rapid pace. Hence, RIVM expects that within 
five years, its network for measuring air quality could evolve from a net- 
work with a limited number of high-quality (reference) measurement sta- 
tions to a hybrid system that uses a much larger number of sensors that 
are cheaper and of lower quality. Where possible, satellite data will also 
be integrated in this network and a limited number of high-quality meas- 
urement stations will still form the reference base of this system. Combin- 
ing all these data of varying quality and levels of uncertainty with models 
is a cost-efficient way of monitoring. This results in a crowdsourcing sys- 
tem that provides local communities with trusted local environmental 
data and at the same time enriches the national system for air quality mon- 
itoring. In this evolution, RIVM has identified different phases to provide 
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a roadmap for the innovation of environmental monitoring, as illustrated 
in figure 23.3. The different steps may overlap and timelines are not strict 
but help target innovation over five years. 


Phase 1 


The first phase, started in 2016 at RIVM, involves implementing efficiency 
actions (e.g., automating some steps in the validation process) and plan- 
ning to decrease the number of measurements (and/or stations), which 
will create the capacity for innovation while still complying with interna- 
tional requirements (e.g., EU directives). This means difficult decisions 
about what measurements or stations may be discontinued. The RIVM 
innovation programme aims at balancing the effects of the foreseen reduc- 
tion of the monitoring effort on monitoring quality by introducing new 
lower-cost sensor technology into the network. The goal is to keep or even 
increase the quality level of the monitoring programme in this way. Six 
official measurement stations belonging to RIVM and its monitoring part- 
ners will be equipped with a facility to test small sensors. These will be 
used by RIVM and its partner institutes to test sensors (such as the Air- 
SensEUR; see http://www.airsenseur.org), and the facilities are open to 
citizen science communities and sensor builders to test and calibrate their 
own sensors. The locations of the small sensor test stations represent a 
broad range of measurement situations. There is a rural site, an urban traf- 
fic station, two highway sites (one urban, one rural) and an industrial site. 
A test facility for small sensors will also be developed in a climate chamber. 


Phase 2 


In the second phase, around 2018 for RIVM, advanced yet relatively cheap 
(though still expensive for citizen science projects) sensors will be included 
in the national air quality monitoring system. The use of satellite data will 
also be included, where possible. Extensive tests will have to be performed 
to see how these sensors behave over longer periods such as a year. The 
practical effect of trading a limited number of reference measurements for 
(many) cheaper sensors on air quality monitoring will be determined. 


Phase 3 


In the third phase, envisioned to be fully implemented around 2020 at 
RIVM, a crowdsourcing platform will be developed to enable citizen sci- 
ence projects with low-cost sensors to participate in national monitoring. 
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The second and third phase will ask for creative solutions that enable the 
simultaneous use of data with different quality levels. Planning for the 
crowdsourcing platform will start with pilot projects with different 
degrees of citizen involvement. A limited number of reference measure- 
ment methods will act as the backbone of the national monitoring pro- 
gramme, supplemented with a flexible layer of alternative, low-cost 
sensor devices. Continuous validation cycles of these low-cost sensors 
with reference data will result in the gradual improvement of available 
sensor technologies. 


Beyond phase 3 


Health monitoring technologies are evolving at the same time as envi- 
ronmental monitoring, with technologies related to mobile health care 
rapidly maturing (e.g., GIS tracking to support individual exposure mod- 
elling, personal health measurements like heart rate or spatio-temporal 
tracking of medication use). They provide an excellent opportunity for 
environmental health research to become a key innovation partner in 
health transition technologies. Integrating environmental and health 
monitoring offers the potential for important follow-up innovation. 


Roadmap innovation of environmental monitoring 


Integration with 
“quantified self" 


— 
Operational x 


excellence 


Fig. 23.3 Innovating a traditional measurement network towards a 
hybrid crowdsourcing platform. (Source: Erik Tielemans) 


Big Data Science 


Citizen Science, loT 
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Beyond phase 3, RIVM anticipates combining its static air quality moni- 
toring network with personal exposure and health monitoring. 


Conclusion 


This chapter has explored the potential benefits and challenges of an EPA 
incorporating citizen science into its national monitoring. It has shown the 
important possibilities of this arena in improving the scale and scope at 
which data is available by supplementing limited and expensive monitoring 
equipment with widespread, low-cost sensors led by citizen monitoring. 
Participants in this field are highly motivated due to the societal importance 
of environmental issues, but EPAs and citizen science project leaders need 
to address issues of data quality and sensor calibration, and to provide 
appropriate feedback to reward and motivate participation. The trial pro- 
jects RIVM has been involved in clearly point to the potential advantage of 
these methods for EPAs, such that it has now adopted a framework to fur- 
ther incorporate citizen science in its monitoring processes. This roadmap 
and lessons learned from the case studies may provide ways forward for 
other EPAs and official government agencies seeking to improve their tradi- 
tional practices by engaging with the potential of citizen science. 


Appendix A 


Table 23.1 Claims about citizen science participant benefits 


Citizen science participant benefit Citation 

Enhanced science knowledge and Braschler et al. (2010); *Brewer 
literacy (e.g., knowledge of science (2002); *Danielsen, Burgess & 
content, science applications, risks Balmford (2005); Devictor, Whit- 
and benefits of science, and familiar- taker & Beltrame (2010); *Evans 
ity with scientific technology) et al. (2005); *Fernandez-Gimenez, 


Ballard & Sturtevant (2008); *Jordan 
et al. (2011); Krasny & Bonney 
(2005); Sullivan et al. (2009) 


Enhanced understanding of the Bonney (2004); Bonney and 

scientific process and method Dhondt (1997); Braschler et al. 
(2010); Devictor, Whittaker & 
Beltrame (2010); Sullivan et al. 
(2009); *Trumbull, Bonney & 
Grudens-Schuck (2005) 


(continued) 
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Table 23.1 (continued) 
Citizen science participant benefit 


Improved access to science information 
(e.g., one-on-one interaction with 
scientists, access to real-time informa- 
tion about local scientific variables) 


Increases in scientific thinking (e.g., 
ability to formulate a problem based 
on observation, develop hypotheses, 
design a study and interpret findings) 


Improved ability to interpret scientific 
information (e.g., critical thinking 
skills, understanding basic analytic 
measurements) 


Strengthened connections between 
people, nature, and place (e.g., place 
attachment and concern, establish- 
ment of community monitoring 
networks or advocacy groups) 


Science demystified (e.g., reducing the 
‘intimidation factor’ of science, 
correcting perceptions of science as too 
complex or complicated, enhancing 
comfort and appreciation for science) 


Empowering participants and increas- 
ing self-efficacy (e.g., belief in one’s 
ability to tackle scientific problems 
and questions, reach valid conclusions 
and devise appropriate solutions) 


Increases in community-building, 
social capital, social learning and trust 
(e.g., science as a tool to enhance 
networks, strengthen mutual learning 
and increase social capital among 
diverse groups) 


Changes in attitudes, norms and 
values (e.g., about the environment, 
about science, about institutions) 
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Highlights 


e The alteration of light levels at night is a recent environmental change, 
which has become an increasing threat to nocturnal landscapes. 

e Guidelines for illumination focus primarily on aesthetics, safety, 
security and energy efficiency. A policy shift towards considering the 
impact of light on ecosystems and health requires a sound transdis- 
ciplinary and supraregional approach. 

e Citizen science projects could analyse changes in nighttime bright- 
ness worldwide, offer participation in various other scientific areas, 
and increase public awareness. 

e Light pollution can be a unifying entry point for other environmental 
problems, connecting projects about the impact of human activities. 


Introduction 
In previous decades, the use of artificial light at night (ALAN) and the 


related brightening of the nightscape increased worldwide by more than 
2 per cent per year (Kyba et al. 2017; Holker et al. ‘The Dark Side’, 2010). 
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But compared to the global increase of temperature, the impact of altera- 
tion in ALAN has not yet been well studied. The research about ALAN is 
a showpiece example of how citizen science can assist collecting global 
data. To study the alteration of ALAN, measurements are needed from 
remote sensing, from the ground and about the impact of ALAN on the 
environment. Artificial light at night indicates hotspots of human activity 
and thus can be a unifying entry point for other environmental problems, 
potentially connecting citizen science for environmental monitoring (see 
also Owen & Parker; Peltola & Arpin; Danielsen et al.; Harlin et al., all in 
this volume). 

As a result of increasing nighttime brightness, the measured range 
of night sky radiance is now often hundreds of times larger than it was 
before the existence of artificial light (Kyba et al., ‘High-Resolution 
Imagery’, 2015), depriving one-third of Earth’s population of the possi- 
bility to enjoy a view of the Milky Way (Falchi et al. 2016). Light is the 
most important signal for circadian and seasonal rhythms, but ALAN can 
interfere with this signal, disturbing ecosystems (Holker et al. “The Dark 
Side’, 2010; Schroer & Holker 2016) and having adverse consequences 
on sleep performance and health (Reiter et al. 2011; Bonmati-Carrion 
et al. 2014). Furthermore, the transition to ‘white’ LED (light emitting 
diode) light sources increases the fraction of ALAN with short wavelength 
(blue) light. This is of concern for several reasons: Short wavelength light 
is more likely to scatter on clear dry nights (Aubé, Roby & Kocifaj 2013) 
and this part of the spectrum also has the greatest impact on the circa- 
dian system of higher vertebrates (Bailes & Lucas 2013; Brainard et al. 
2015). 

In the context of light pollution, citizen science is an indispensable 
tool for both data collection and knowledge dissemination, especially for 
collecting data on larger scales, such as at landscape or community lev- 
els (Kyba 2018; Kyba et al. 2013). Citizen science can mobilise people 
with various interests on a global level to measure the impact of ALAN 
(Schroer, Corcho & Holker 2016). This chapter describes existing citizen 
science contributions to the highly interdisciplinary research field of 
light pollution. It discusses how raising awareness through citizen sci- 
ence may initiate changes in the use of illumination, and how citizens 
could become empowered to create a more social and sustainable envi- 
ronment. In contrast to other pollutants, reductions in light pollution 
could in principle be relatively easily achieved by increasing consumer 
awareness about the negative consequences and implementing guide- 
lines for the use of ALAN: to use low light intensities, to shield lamps and 
to use lights with a low blue light content (Schroer & Holker 2014). 
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Fig. 24.1 Citizen science projects with focus on artificial light at night 
and changes of nightscapes. (Source: A. Rothmund) 


Finally, this chapter shows how the ALAN research topic connects disci- 
plines and interests, and how this issue can be used to network, for exam- 
ple, with social platforms focused on other pollutants such as air, water 
or noise pollution. 


Citizen science projects on ALAN 


Several citizen science projects focus on quantifying the effects of outdoor 
ALAN, which are summarised here to present both the broad ranges of 
used technologies (see also Mazumdar et al. this volume) and the diver- 
sity of disciplines engaged in ALAN research (figure 24.1). 


Measuring ALAN with remote sensing tools 


Members of the Group of Extragalactic Astrophysics and Astronomical 
Instrumentation from Universidad Complutense de Madrid use high- 
resolution images taken by astronauts from the International Space Station 
(ISS) to measure changes in ALAN. A lot of additional work is necessary to 
use the data scientifically. For this purpose, the project Cities at Night 
(http://citiesatnight.org/) involves citizens in creating a global map of 
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satellite night views and artificial radiation (Sanchez de Miguel et al. 
2014). Cities at Night uses three apps — Dark Skies, Lost at Night and Night 
Cities — to engage citizens to (a) identify images which qualify for map- 
ping; (b) identify cities and communities; and (c) georeference the images. 

The data obtained from remote sensing observes only radiation 
directed upward into the sky, but not the brightness that is experienced 
on the ground. Horizontal radiation and the degree of skyglow during 
overcast conditions are not recorded. Furthermore, satellite instruments 
show insufficient sensitivity to short wavelength light, such as for exam- 
ple to light emission by LEDs (Kyba et al. ‘Worldwide Variations’ 2015). 
Measurements from the ground are therefore needed. 


Measuring ALAN and skyglow from the ground 


Several citizen science projects assist in collecting data about the bright- 
ness of nightscapes from the ground: 


e How Many Stars (http://hms.sternhell.at) encourages citizen sci- 
entists to classify how many stars they can see at their location in 
terms of the naked eye limiting magnitude (NELM), using a series 
of star charts on the Little Dipper and Orion constellations. 

e Great Worldwide Star Count (http://www.windows2universe.org 
/citizen_science/starcount/) is part of Windows to the Universe and 
is designed to encourage learning in astronomy and identify changes 
in nighttime brightness, using star charts ina manner similar to How 
Many Stars. 

° Dark Sky Meter (http://www.darkskymeter.com/) is an iPhone app 
that enables citizen scientists to measure night sky brightness by 
using the phone’s camera as a photometer. The app also offers sta- 
tistics about sunset, twilight and moon phases and provides weather 
forecasts based on satellite data. 

e Globe at Night (http://www.globeatnight.org/) is a programme of 
the National Optical Astronomy Observatory, the national centre for 
ground-based nighttime astronomy in the United States. Citizen sci- 
entists are engaged in a similar way to How Many Stars but Globe 
at Night includes additional constellations for the Southern Hemi- 
sphere and invites participants to submit observations using a 
commercial sky quality metre (SQM). 

e Loss of the Night app (http://lossofthenight.blogspot.de/) quan- 
tifies NELM, but instead of using star charts, participants are asked 
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to make decisions on whether individual stars are visible. Partici- 
pants are interactively asked to make decisions on at least eight stars 
and the app checks participant data for self-consistency. The app 
also allows participants to submit SQM data. 


Citizen science data measuring ALAN from the ground (e.g., from 
Globe at Night and the Loss of the Night app) have already proven to deliver 
fundamental contributions to academic publications and global maps 
about changes in ALAN (Falchi et al. 2016; Kyba et al., ‘High-Resolution 
Imagery’, 2015). This data can be valuable for projects about environmen- 
tal monitoring. For example, light pollution data was shown to be a more 
useful predictor of bat activity than the proportion of impervious surface, a 
commonly used indicator for urbanisation (Azam et al. 2016). Comparing 
citizen science data of bat-monitoring with satellite data of light pollution 
showed that ALAN has a strong negative effect on bat activity. 


Impacts on the biosphere 


Wildlife responses to increasing ALAN and the loss of natural darkness in 
many nightscapes has far-reaching consequences for the environment, for 
ecosystems and their services, upon which human well-being relies 
(Holker et al. ‘Light Pollution’, 2010; Gaston, Duffy & Bennie 2015). Var- 
ious citizen science projects collect data on environmental conditions and 
put them into content of light pollution mapping. These projects do not 
always primarily focus on the effect of light pollution, but the data can still 
be used to analyse the impact of ALAN. 


e Vigie Chiro (http://vigienature.mnhn.fr/page/vigie-chiro) is a 
French bat-monitoring programme and one example of how pre- 
existing citizen science data can be used to assess the impact of 
light pollution. In this programme, volunteer surveyors monitor 
bat activity along predefined transects. These results are compared 
with landscape characteristics such as the proportion impervious 
surface, intensive agriculture and radiance data from a polar-orbiting 
satellite. 

e NESTKAST (https://www.vogelbescherming.nl/in-mijn-tuin/nest 
kasten) uses data from the project NEtwerk voor STudies aan nest- 
KASTbroeders, in which volunteers monitor songbirds breeding in 
nest boxes to analyse the impact of ALAN on the timing of breeding 
(de Jong 2016). 
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e Light on Nature (http://www.lichtopnatuur.org/) uses several 
experimentally illuminated semi-natural areas to monitor the 
responses of flora and fauna and analyse the impact of ALAN on the 
local species’ community compositions (Spoelstra et al. 2015). 
Citizen scientists undertake the monitoring for some groups of 
animals, for example, moth populations are monitored by volun- 
teers, co-ordinated by the Dutch Butterfly Conservation (De Vlin- 
derstichting) and birds are caught and ringed by volunteers to 
measure bird populations, co-ordinated by the Dutch Centre for 
Avian Migration and Demography (Vogeltrekstation). 

e Crime scene freshwater [Tatort Gewässer] (http://tatortgewasser 
.de/) is a German project developed to gain knowledge about the 
role of inland waters in the carbon-cycle and the effects of ALAN. The 
project is based on findings by Holker et al. (2015), who observed 
changes in microbial community composition in freshwater sedi- 
ments exposed to ALAN. Schroer et al. (2016) provided a question- 
naire to the volunteers asking them to describe the local artificial 
light conditions. In just two weeks, more than 700 citizen scientists 
contributed to the project, providing an excellent data source for 
sediment and biodiversity pattern analysis in aquatic systems, far 
beyond the collecting capacity of scientist teams. 


Many other citizen science projects about the occurrence of flora and 
fauna, such as monitoring wildlife, insects and plant species could in the 
future be examined in the context of light pollution (for wider examples 
see also Owen & Parker; Peltola & Arpin; Danielsen et al.; Harlin et al., all 
in this volume). 


Collective Awareness Platforms for Sustainability 
and Social Innovation 


The European Commission’s initiative CAPSSI (Collective Awareness Plat- 
forms for Sustainability and Social Innovation) supports online plat- 
forms creating awareness of sustainability problems and offering digital 
networking between environmental and social platforms (funding frame- 
work of Horizon 2020). A platform like CAPSSI has the potential to link 
the multifaceted citizen science projects about light pollution and further 
to link existing projects monitoring environmental changes. Furthermore, 
CAPSSI has the prospective to recommend the principles as standard for 
future citizen science project development. 
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The CAPSSI project STARS4ALL provides a platform for citizen ini- 
tiatives and activities to promote dark skies in Europe (http://www 
.stars4all.eu/). Light pollution initiatives are being developed to involve 
citizens, especially in cross-disciplinary areas such as energy saving, 
biodiversity and human health. The project expects to influence policy- 
making through the participation of citizens, by proposing specific 
measures for municipalities to protect dark skies in Europe. 


Limits and opportunities for citizen science 
research on ALAN 


This section presents efforts to increase the impact of citizen science 
involvement in scientific data collection about ALAN. It shows how data 
consistency and thus its impact can be improved and explains the benefit 
of enlarging networks and communities (see also Williams et al. in this 
volume). 


Data reliability 


Although citizen involvement in research about ALAN seems indispensa- 
ble to allow data collection on a global scale, there are concerns about the 
reliability of the data for science. Citizens could in principle falsify data, 
or inappropriate handling of monitoring protocols could introduce errors 
that increase the uncertainty of the observations. Especially when using 
citizen science data for scientific studies, the measurements need to be 
approved and correlated with existing peer-reviewed scientific data. Kyba 
et al. (2013) and Schroer et al. (2016) have found a positive correlation 
of citizen science data with satellite measurements, demonstrating the 
usefulness of the data. 

Another good example of how citizen science data can be evaluated 
and improved is the My Sky at Night project (http://www.myskyatnight 
.com). The web application was developed to allow participants of the 
Loss of the Night project to examine the observation data in detail, as well 
as measuring trends over time (including data collected by Globe at Night 
and the Dark Sky Meter app). The app visualises the self-consistency of 
the measurements and aims to motivate citizen scientists to improve their 
measurement technique (figure 24.2). 

Georeferencing and the provision of automated apps may increase 
confidence in the data in the future. However, a lot of citizen science data 
has already been used without credit in academic publications, but its 
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Fig. 24.2 Visualisation of citizen science observation data gives 
feedback to the user. (Source: www.myskyatnight.com) 


acknowledgement may be the most important way to promote confidence 
in data from volunteers (Cooper, Shirk & Zuckerberg 2014). 


Motivating citizen scientists 


For the measurement of light pollution, it is critical to motivate people 
worldwide to measure sky brightness on a regular basis, especially in 
peripheral urban areas, where the most changes may occur. It is a chal- 
lenge to engage new participants and raise awareness in young people 
(see also Harlin et al. in this volume). Motivation is needed for research- 
ers and activists to step out of the circle of environmentalists and astron- 
omers and to bring the relevance of light pollution to authorities, lighting 
planners, communities, the public and other stakeholders. 

The STARS4ALL platform triggers the interest of citizens using a 
simple but powerful tool: broadcasting astronomy-related events such as 
solar and lunar eclipses, aurora borealis, meteor showers and so on, with 
the aim of involving citizens in experiencing a natural nighttime envi- 
ronment (http://www.sky-live.tv/). To encourage local engagement, the 
network uses participation portals in cities like Madrid (https://decide 
.madrid.es) and applications such as FarolApp4All (http://farolapp 
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Fig. 24.3 Motivation aim to transfer the relevance of light pollution to 
a broader field of stakeholders 
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Fig. 24.4 Screenshot of the game Night Knights, which uses mechanics 
of output agreement, double player, contribution weighted by user 
reputation (measured against ground truth) 


.linkeddata.es/) to allow citizens to detect and report cases where public 
lighting may not comply with guidelines for the sustainable use of ALAN. 

Entertainment and gamification have increasingly been used to 
enlarge the number of participants in citizen science projects (Deterding 
2012). For example, the Urbanopoly game involved players in validating 
and enriching OpenStreetMap data (Celino 2013). The STARS4ALL pro- 
ject has been experimenting with both the gamification of crowdsourc- 
ing initiatives, such as rewarding student crowdworkers with the prize of 
an international expedition to experience celestial phenomena, and pure 
entertainment apps to classify, for example, remote sensing images, imple- 
menting a ‘game with a purpose’ (von Ahn 2006). The game Night Knights 
(http://www.nightknights.eu) encourages volunteers to invest more time 
in categorising remote sensing photos. The game design follows recom- 
mendations for motivating sustained participation: The scoring mechanism 
provides personal milestone targets and feedback to maintain high-quality 
responses (Eveleigh et al. 2013). 

Furthermore, interesting news and cartoons are disseminated by 
social media channels to revive attention within the light pollution com- 
munity. The aim is to encourage the community to share personal experi- 
ences to foster a social aspect, and thus continued participation (Nov, 
Naaman & Ye 2009). 


Establishing networks 


The sheer range of environmental pollutants may discourage participants 
from becoming involved in monitoring a single environmental stressor. 
Networks could benefit each other, allowing citizen science data to be used 
for multiple purposes. Volunteers may be increasingly motivated by con- 
tributing to broader project about more than one environmental issue 
(Rotman et al. 2012). 

Most pollutants are associated and mutually dependent, so sensors 
collecting data on pollutants can be combined. For example, air pollu- 
tion sensors could be fused with photometers (for more on sensors see 
Volten et al. in this volume). Remote sensing data of ALAN may visualise 
human activity and locate high-priority areas for nature protection 
measures (Aubrecht et al. 2010). It is a matter of communication between 
project developers to make multiple sensor systems available and expand 
their networks. Platforms such as Pinterest can be useful tools to connect 
different environmental projects, share interesting content about various 
environmental actions and initiatives and distribute knowledge (Hansen, 
Nowlan & Winter 2012). 
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Integrating citizen science in policy 


Guidelines for illumination currently focus primarily on aesthetics, safety, 
security and energy efficiency (Kyba, Hänel & Holker 2014). This section 
discusses if citizen science has the transformative potential to reduce the 
negative impacts of light pollution through policy development (see also 
Nascimento et al.; Shirk & Bonney, both in this volume). 

Light emission is mainly regulated on a regional or national level 
(Kyba, Hanel & Holker 2014) and a common European policy, for exam- 
ple, for the reduction of light pollution is missing. The European Ecode- 
sign Directive (Directive 2009/125/EC) aims to improve the energy 
efficiency of lighting products, but it does not address the adverse effects 
of ALAN on biodiversity or nightscapes. European Union regulations for 
infrastructure and outdoor activities recommend minimum lighting 
requirements but do not provide limits to brightness levels. For example, 
the European standard ‘Road lighting’ (EN 13201: 2015) is a non-binding 
recommendation for member states to implement minimum lighting 
requirements. Sound scientific justification for these minimum illumina- 
tion levels, however, is missing. Many communities do not meet the rec- 
ommended requirements on brightness and uniformity, and yet still 
appear to offer safe conditions. A recent study in the UK found no evidence 
of harmful effects on traffic casualties or crime when street lighting was 
reduced or switched off late at night in rural contexts (Steinbach et al. 
2015). If more authorities felt compelled to implement EN 13201, this 
would result in higher energy consumption and a wider loss of natural 
nightscapes (www.cost-lonne.eu). The same applies to standards else- 
where, for example the ANSI/IES RP-8 in the United States. 

A rising number of municipalities use planning instruments like 
lighting strategies or master plans to address the complexity of mod- 
ern lighting technologies and the different dimensions for sustainability. 
These concepts require consultation with broadly trained lighting experts, 
experienced in the social, cultural and economic as well as the ecological 
impact of light. Currently, most municipalities avoid this investment and 
are often influenced by consultation with unbalanced expertise or indus- 
trial interests (Köhler 2015). 

A policy shift will require a sound transdisciplinary approach to 
understanding the significance of the night and its loss for humans and 
the natural systems (Holker et al., ‘The Dark Side’, 2010). Citizen science 
data from multiple disciplines may be able to support the process of sci- 
entifically determining requirements for sustainable lighting concepts. 
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With the help of citizen science comparison of lighting levels in various 
cities, exceedingly high light levels — and thus sites where lighting needs 
regulation — could be detected. Furthermore, engagement could lead to 
more participative democracy in empowering citizens to demand meas- 
ures to improve the quality and level of public lighting. For example, the 
STARS4ALL project will empower citizens by aiming at the generation 
and presentation of a European Citizen Initiative to the European Com- 
mission in order to reconsider legislation for lighting in Europe (see Shirk 
& Bonney and Nascimento et al., both in this volume). 


Conclusion 


As nighttime brightness increases globally, well-distributed data collection 
is required to analyse its impact and determine the thresholds between 
beneficial to negative impacts of lighting. This data cannot be provided 
by single institutions or small groups of scientists working in isolation. Col- 
lective awareness of, and readiness for, volunteering is urgently required 
because changes in light at night is an experiment with unpredictable out- 
comes (Holker et al., “The Dark Side’, 2010). Citizen science can help to 
understand the complexity of investment in public lighting technology 
and may increase willingness to invest in sustainable lighting. Collective 
awareness platforms can be useful for motivating and empowering citi- 
zens and offering collaborative solutions to change consumption trends. 
Social platforms can connect and build even larger communities. Light 
pollution can be a unifying entry point for other environmental problems 
and has the potential to create a global citizen science network increas- 
ing knowledge and awareness about the impact of human activities. 
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Highlights 


Citizen science has the potential to bring societal benefits, but inclu- 
sivity is not an automatic outcome. 

The degree of inclusivity varies depending on the techniques used 
to involve citizens. 

Affective techniques can involve less experienced and less privileged 
participants. 

Addressing participants as individuals, with different learning abil- 
ities and skills, and the collective dynamics of learning are key to 
increased inclusivity. 

Successful techniques broaden the role of participants, address their 
concerns and support ownership of the learning process. 


Introduction 


In addition to scientific outcomes, citizen science often aims to achieve 
broader societal relevance and benefits, such as science education, empow- 
erment or enhanced environmental citizenship (Edwards et al. in this vol- 


ume). Citizen science is commonly presented as a way of opening science 
to everybody. The ECSA Ten Principles of Citizen Science also emphasise 
inclusiveness and societal benefits. However, the majority of participants 
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in citizen science are well educated (Haklay in this volume). Many citizen 
science projects involve, for example, skilled amateur naturalists. Partici- 
pation may also be biased towards the more affluent or powerful, leaving 
aside those whose lives could benefit most from the activities (Buytaert 
et al. 2014). Finding ways of engaging less educated and less privileged 
participants with less specialist backgrounds is thus an important goal if 
citizen science genuinely wants to move towards involving everybody. 

This chapter explores the capacity of citizen science to foster respon- 
sive and inclusive science (see also Smallman in this volume) by drawing 
on a case study in the city of Grenoble, France. The Propage programme 
(Fontaine & Renard 2010) is a citizen science project about butterflies. It 
was implemented in Grenoble to make urban biodiversity more visible 
and meaningful for those who manage public urban green spaces. An in- 
depth investigation of motivations for, and modalities of, involvement 
enabled us to identify the conditions which facilitated the implementa- 
tion of Propage (Arpin, Mounet & Geoffroy 2015). In 2014, we carried out 
20 interviews with volunteer gardeners and their trainers, and observed 
their training sessions. 

Insights from this study demonstrate that citizen science has the 
potential to provide a forum for social learning and the development 
of collective capacities among less privileged participants, provided 
specific conditions are met. Understanding these conditions requires the 
identification and evaluation of broader transformative outcomes of citi- 
zen science, which is often difficult. One reason for this is that the social 
and cultural benefits may be diverse, discrete and delayed. They are not 
limited to individual learning outcomes, but include social, cultural and 
institutional transformations (see Kieslinger et al. in this volume). These 
transformations are often much harder to document than instrumental 
outcomes, such as new knowledge and skills (Bela et al. 2016). This chap- 
ter starts by briefly discussing what kind of outcomes are relevant when 
evaluating the potential of citizen science to target groups with less sci- 
entific training or fewer skills. We then move to lessons from the imple- 
mentation of the Propage programme and demonstrate the importance 
of specific affective techniques in involving participants. 


Social learning and transformative outcomes 
in citizen science 


In its simplest form, participants in citizen science are considered as the 
‘crowd’ or mere ‘data-drones’ (Ellis & Waterton 2004) who have the time, 
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equipment and skills to provide good-quality data (but see especially 
Ballard, Phillips & Robinson; Haklay; Mahr et al., all in this volume). Other 
outcomes, such as learning or empowerment, are not always goals for 
data-driven projects (see Keislinger et al. in this volume). Instead, learning- 
oriented projects may aim to improve participants’ knowledge or enhance 
their scientific literacy and skills (e.g., Makuch & Aczel; Harlin et al., both in 
this volume). A French community biodiversity project, for example, is tell- 
ingly named ‘ABC’ (Atlas de la Biodiversité Communale). Socially and politi- 
cally oriented citizen science projects, in turn, may focus on transforming 
participants’ personal and collective identities and capacities. They aim to 
change participants’ lives and careers, and even promote the knowledge of 
citizens, seldom taken into account in decision-making. 

This multiplicity of participatory imaginations implies that learning 
may have a different role in different types of citizen science projects. 
Learning outcomes can also be diverse. In addition to the acquisition of 
new knowledge and skills, learning can be understood in terms of shared 
perspectives, clarification of arguments, enhanced dialogue, development 
of social capital (e.g., trust and partnerships) or adaptive capacities (Buy- 
taert et al. 2014). According to Bull, Petts & Evans (2008) the notion of 
social learning also broadens understanding of learning processes as a 
whole. Social learning not only means that individuals adopt new knowl- 
edge or skills through social interaction, but also that learners become 
members of a community of practice who learn to collaborate, reflect on 
what they are doing and make collective judgements. Outcomes of social 
learning include understanding motivations for knowledge acquisition 
and moral development. 

From the social learning perspective, the societal relevance of citizen 
science is linked to its ability to support problem-solving and the genera- 
tion of actionable knowledge (Franzoni & Sauermann 2014). Collabo- 
rative research should generate new knowledge that matters not only 
scientifically but to all participants. Ideally, it opens up new roles and iden- 
tities for the participants and even triggers new concerns or questions 
(Hinchliffe, Levidow & Oreszczyn 2014). Learning to approach prob- 
lematic situations and the development of collective problem-solving 
capacities are key elements in evaluating the societal relevance of citizen 
science. From the social learning perspective, citizen science not only 
involves a generic crowd, but also deals with the public — citizens who 
have concerns of their own or adopt an active role concerning their living 
environments (see, e.g., Marres 2007). 

The following section highlights how capacity for social learning can 
be developed among a less-educated group of citizen scientists (see also 
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Richter et al. in this volume). In particular, we demonstrate how collec- 
tive reflection, new roles and identities have been built, and participants’ 
concerns and questions met, in a project that seeks to make biodiversity 
visible and meaningful for green space workers. We focus on techniques 
of affecting the participants in ways that enable them to develop individ- 
ual and collective capacities. 


Propage: Biodiversity for green space workers 


The city of Grenoble employs some 140 green space workers, predomi- 
nantly male, of various age groups and with various educational levels. 
Some qualification is required to work at the city’s green space depart- 
ment. Most workers hold a professional certificate (mainly a CAP, certificat 
d'aptitude professionnelle, or BEP, brevet d’études professionnelles, less often 
a baccalauréat professionnel), and only few have a higher degree (BTS, bre- 
vet de technicien supérieur). Eleven informants in our research had a BEP, 
whereas one had a baccalauréat professionnel. They were significantly 
younger (from 30 to 45 years old) than the green space workers’ average. 

All the city’s green space workers are familiar with cultivated flow- 
ers but, until recently, knew little about insects except those well known 
to be useful (e.g., ladybirds) or harmful (e.g., aphids) to cultivated flow- 
ers and plants: 


I remember having bought a booklet during my initial training, 
which presented the main useful insects, such as ladybirds, hover- 
flies, green lacewings. So there was already some vague interest in 
integrated pest management at that time. But we spent 95% of the 
time learning how to use chemicals and which product to use against 
harmful insects or fungus diseases rather than when to release 
ladybirds or green lacewings (green space worker, 45 years old). 


Neither biodiversity in general nor butterflies in particular were addressed 
in the workers’ initial training. Their approach to butterflies was restricted 
to some leaf-eating caterpillars, which they had learned to fight. In 2014, 
12 workers agreed to participate in the Propage programme, which aims 
to collect data about common butterfly species. These are relatively easy 
to detect and identify, so participation in the project does not require high 
naturalist skills. 

Launched in 2010, Propage is one of the three butterfly monitoring 
programmes developed by the French National Museum of Natural His- 
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tory (MNHN). Propage targets the staff of the park and garden depart- 
ments of cities and transport institutions while the two other projects are 
aimed at the general public or skilled naturalists. Propage was designed 
to respond to concerns about the impact of city management practices on 
biodiversity. The idea was to create a cost-effective and easy way to imple- 
ment a protocol initially developed by an MNHN PhD student studying 
butterflies in urban parks and gardens. Propage resulted from close col- 
laboration between the MNHN and an environmental non-governmental 
organisation (NGO), Noé Conservation. The MNHN is responsible for the 
data and website management, while Noé trains participants, communi- 
cates with them and disseminates written instructions. Before Propage 
was implemented in Grenoble, the MNHN and Noé made no particular 
effort to recruit participants as they were encountering serious technical 
problems with the programme website. At the time, Propage had two main 
contributors, the city of Nantes and the département of Seine-Saint-Denis 
(Paris), and a set of minor contributors. In Grenoble, the vice-head of the 
service responsible for the city’s park management, David, knew about 
Propage and informed the MNHN that the city was willing to participate. 


Addressing participants’ concerns 


Like many other cities (see Ernwein 2015 about Geneva), Grenoble had 
decided some years previously to move from lawn-oriented and pesticide- 
based management of its parks and gardens to biodiversity-oriented 
and insect-based management (see Tollis 2012). This shift changed the 
outlook of urban parks and triggered some criticism among the inhabit- 
ants who felt ‘abandoned’, especially in disadvantaged areas (see also 
Menozzi 2007). The green space workers, in turn, found that they had 
to work harder, for instance, to remove weeds by hand, while the result 
was less satisfactory and socially contested. The workers also suspected 
that this shift had hidden economic grounds beyond the official ecologi- 
cal reasons. At the time of our survey, the department was indeed being 
reorganised with a substantial decrease in the number of teams (from 19 
to 13). David wanted to demonstrate to his staff that the new manage- 
ment practices did have positive effects on biodiversity. Therefore, contrib- 
uting to citizen science was not the main objective of encouraging the 
green space workers to become involved in Propage or the main motiva- 
tion for workers to participate. Instead, participation in Propage was a 
means to address David’s concerns — showing his staff that the new man- 
agement practices had positive effects on biodiversity — and the concerns 
of the workers — how to answer residents’ questions and responses. 
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Affective techniques of educating attention 


In the post-pesticide era, the green space workers saw weeds thriving in 
the city but not necessarily all the life, and in particular, all the insects that 
were thriving, too. Seeing is neither obvious nor spontaneous (see also 
Peltola & Tuomisaari 2016) but requires ‘education of attention’ (Ingold 
2001), resting on specific techniques aiming to conduct the conducts of 
individuals. In Grenoble, several techniques were simultaneously adopted 
to teach the green space workers to become sensitive to insects in general 
and butterflies in particular. They were given the leaflets prepared by Noé 
Conservation explaining the Propage protocol and showing the butterfly 
species they were expected to recognise (figure 25.1). In addition, they 
were given nets to catch butterflies. ‘Referent workers for biodiver- 
sity were designated among the participants and training sessions were 
organised. 

Training was carried out by staff of local environmental NGOs spe- 
cialised in entomology and by the local museum of natural history. Before 
Propage, David had invited an entomologist, Edith, to come to Grenoble 
once or twice a year to teach the green space workers to detect and iden- 
tify useful and harmful insects. This proved to be a major factor in the suc- 
cess of Propage. Edith had studied entomology first at university and 
then in a public research institute. In 1997, she founded a small company 
to develop integrated pest management in French cities and was later 
hired by a gardening company. She also writes articles for gardening jour- 
nals and disseminates information about integrated pest management 
on the website of her company. 


Basically, my job consists of monitoring urban cultures. I work a bit 
like a doctor: I go to places, I observe plants and their health and we 
decide to manage the parks so as to facilitate the arrival of auxiliary 
insects, or to release insects, or possibly to use chemical treat- 
ments, when there is no other option. But I also have a pedagogi- 
cal approach: I train the staff, which is not so good for my job, 
because then I don’t come so often as they can cope by themselves. 


David and Edith had met in the mid-2000s in the glasshouses of a city 
where she had been called to implement integrated pest management. 
David invited Edith to audit the gardens and gardening practices in 
Grenoble, and then to train the staff in integrated pest management. 
Since 2006, she has facilitated collective outdoor sessions, gradually 
showing the green space workers how to identify the insects likely to be 
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Fig. 25.1 Propage butterfly protocol. Instructions and leaflets were a 
technique for educating attention, but to become effective, they 
required other techniques helping the participants attune to insects. 
(Source: MNHN and Noé Conservation) 
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found in the parks. This work was ongoing when Propage was imple- 
mented in 2014. 

David participated in the training sessions whenever he could and 
the workers could email Edith questions and send her insect photographs. 
Edith and David’s enduring commitment played an important role in 
establishing trust with the green space workers. During the training ses- 
sions, Edith introduced short, varied games and used humour: 


They collect specimens, we usually look at a specimen together, nor- 
mally I find out quite quickly what it is and then I ask them to iden- 
tify. I help them to implement an identification method by giving 
them some clues and advice in a humorous tone. This helps them to 
memorise. Generally it’s quite interactive, we play and have fun. I 
start with a few jokes and then we have a sort of contest, or a vote, 
regarding a specimen: who sees legs? Who doesn’t? 


This quotation demonstrates that educating attention can operate through 
affects and emotions. The bodily capacities of individuals, including their 
feelings, become ‘object-targets’ for action (Anderson 2014). Edith, for 
example, used humour and playfulness to influence the green space work- 
ers’ sensitivity to particular elements of their environment. Gamification 
is a popular technique in citizen science (Bowser, Hansen & Preece 2013; 
Eveleigh et al. 2013) and is often discussed as a means to motivate citizens 
who might not be interested in science otherwise. In the current case, 
games played a crucial role in making the green space workers ‘see’ and 
relate to the insects. The playful atmosphere they helped create (see 
Anderson 2014 for a discussion on affective atmospheres) increased the 
participants’ ability to become attuned to the presence of insects, enabling 
them to ‘think as insects’ (see Lorimer 2008). 

Another technique facilitating learning was the feedback given to 
the gardeners. After each session, Edith sent a detailed, positive and reas- 
suring progress report. Her attitude helped the green space workers to 
overcome their initial anxiety and doubts about their capacity to navi- 
gate the huge and creepy world of insects. The reassuring atmosphere 
was fundamental to the ability of the workers to use the Propage guides 
and leaflets. They gradually overcame their fear of being unable to iden- 
tify the butterflies in flight and became more confident in their learning 
capacities. 

Edith also carefully observed the conditions under which the green 
space workers were willing to learn. For instance, during the first train- 
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ing sessions, she observed how long the participants would stay indoors 
listening to theoretical explanations before showing signs of boredom or 
annoyance. The fact that most training sessions took place outdoors and 
were collective was very important for their learning. Sharing experiences 
with colleagues gave the workers a feeling of togetherness and of being 
on a fairly equal footing. 

The green space workers’ involvement in Propage was therefore sup- 
ported by a long phase of collective education of attention using various 
techniques: humour and playfulness, reassurance, symbolic rewards and 
training based on long-term relationships with instructors. These tech- 
niques targeted creating a learning collective. However, this was comple- 
mented by an individualised approach. Distancing themselves from the 
conception of participants as a crowd, David and Edith paid close atten- 
tion to the participants as individuals, called them by their first names and 
expressed genuine interest in them. They also identified a range of atti- 
tudes, knowledge and skills among the green space workers. For exam- 
ple, some were good at finding insects and catching butterflies during the 
training sessions but would not suggest names or respond to questions, 
while others were eager to offer suggestions and participate actively in the 
games. One participant, Christophe, had already acquired knowledge of 
butterflies before Propage started, so he was encouraged to take an active 
role in the learning process. Some participants were motivated from the 
beginning of the process, whereas it took some time before others started 
showing signs of deeper interest. David and Edith were patient and 
accepted the diversity in the rhythm and extent of the green space work- 
ers’ involvement. Engaging them in Propage was thus based on seeing 
them not as a homogenous group of undifferentiated participants but as 
a complex, dynamic set of individuals endowed with diverse skills and 
characteristics that could all contribute to the collective learning process, 
albeit in different ways and at different paces. 

Involving the green space workers also required learning by the 
instructors. David and Edith paid attention to the participants’ social char- 
acteristics and the influence of these characteristics on the inclusivity 
of the learning collective. Most of the participants had become leaders in 
their teams without necessarily holding a high school diploma. The fact 
that only team leaders volunteered was seen as a potential obstacle to the 
involvement of workers without any hierarchical position or responsibil- 
ity. When a female gardener who did not lead a team finally decided to 
participate, it was hoped that this would convince others that Propage was 
genuinely accessible to all and encourage them to participate. 
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Empowering outcomes 


The use of computers and simple mobile applications has been presented as 
an effective means of including groups with limited literacy or numeracy 
skills in citizen science (Bonney et al. 2014). Our case study offers other 
possible avenues for encouraging participation from groups with limited 
skills. Importantly, the techniques of educating attention were linked to 
the previous knowledge and experiences of the participants, sometimes 
dating back to their childhood or teenage years. Propage in Grenoble was 
not only aimed at learning new knowledge about insects, but also involved 
sharing, dialogue, new partnerships, trust and community building. Par- 
ticipation in the programme also influenced the participants’ careers, as 
they acquired naturalist knowledge to reinforce their professional status 
and legitimacy. It even had far-reaching consequences on some partici- 
pants’ personal lives. For instance, 45-year-old Christophe, who had become 
interested in insects and butterflies before Propage started, related this 
change to his decision to quit smoking and reorient his life: 


After I quit smoking, I had to find something good to do to occupy 
myself. I felt I had never stopped, never looked up since I started 
working until I was 40, 41, 42. So at one point, I thought: this must 
change. I don’t know why, perhaps because I quit smoking. So now, 
as a hobby and passion, I go hiking, I’ve got my backpack with my 
cameras. I go out every day after work, two to three hours, and take 
pictures to identify insects, principally in spring and summer. 


Stéphane, 44 years old, began organising open evening sessions in his 
neighbourhood to show how to tend gardens in a more biodiversity 
friendly manner: 


Pll try to organize meetings in my neighborhood to show people 
what I know. Because I have a strong professional background now. 
Q: Will this be part of your work? Or of an environmental NGO? 
A: No, just myself. I’ll start with neighbors, people I know, and 
expand gradually. For instance start with a small meeting at 
somebody’s place and explain alternative methods to tend 
gardens. And gradually people ask questions. I wanted to start 
last year but I didn’t have enough time with small children 
at home but, yes, I will do it. It’s something I want to do. 
I want to share what I know. I’m really keen on this: chang- 

ing practices by drawing on my experience and knowledge. 
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Laurent, 30 years, spent time during his holidays looking for butter- 
flies and teaching his young daughters how to identify them. The Propage 
project therefore played an unanticipated role in some volunteers’ per- 
sonal lives, families or neighbourhoods, beyond their professional sphere. 


Conclusions 


Based on a French case study, this chapter outlined some key lessons about 
the conditions that facilitate the implementation of citizen science. In 
particular, we focused on the conditions under which citizen science sup- 
ports more responsive and inclusive forms of learning. The degree of inclu- 
siveness varies according to how citizens are involved in scientific research. 
Providing participants with well-designed documents, information and 
appropriate tools were definitely crucial to the success of citizen science. 
However, other techniques also affected participants’ bodily responses and 
created a positive, reassuring atmosphere for learning, which were crucial 
for involving less educated and non-specialist participants. 

If citizen science projects are to involve not only skilled experts but 
also wider target groups, it is important that participation is meaningful 
and adjusted to participants’ own interests, histories and ways of think- 
ing and learning. If the sense of meaning is lacking, potential participants 
may refuse to be involved or withdraw rapidly, leaving only the ‘usual- 
suspects’ (see also Jupp 2008). This may also lead to a situation in which 
transformative outcomes are limited or absent. For example, citizen sci- 
ence may fail to support collective reflection or the development of more 
versatile roles for participants. Techniques accommodating individual spe- 
cificities and fostering ownership and responsibility of the process and its 
outcomes may be more effective in producing transformative outcomes 
than techniques based on participants’ instrumental roles. However, such 
conclusions have been challenged by previous studies pointing out that 
also instrumental, data-driven approaches to citizen science can have far- 
reaching effects in participants’ lives (Lawrence 2006). Detailed studies 
about transformative effects can illuminate how they emerge from vari- 
ous kinds of citizen science initiatives and how they influence participants 
in different contexts. 

Our case study of the Propage project in Grenoble demonstrates the 
value of such studies. It also appeared that our in-depth interviews with 
the volunteers helped David, the project’s initiator in Grenoble, to discover 
the far-reaching effects of this citizen science project in the green space 
workers’ professional and personal lives. Our study also enabled him to 
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reflect on the social learning process and strengthen commitment to the 
project as a result. The changes triggered by citizen involvement in citi- 
zen science projects can remain invisible to the promoters and practition- 
ers of citizen science, even the most considerate and mindful ones. This 
underlines the potential role of the social sciences in highlighting and rein- 
forcing these changes (see also Mahr et al. in this volume). 

Based on our study, the close and continued attention to participants 
as individuals and to their diverging learning abilities and skills, on the 
one hand, and attention to the collective dynamics of learning within the 
group, on the other hand, proved to be key factors for increased inclusive- 
ness. This required instructors to learn about participants’ professional 
and personal trajectories, concerns and motivations, and ways of learn- 
ing. It also required reflection on how these could support a collective 
learning process. Similarly, it was important to recognise factors otherwise 
external to the citizen science project, such as the conditions pre-dating 
the project and wider social dynamics of participation. In the case of Prop- 
age in Grenoble, the long and passionate commitment of a few people 
was crucial in getting green space workers interested in insects. Where 
and when this is not the case, developing close personal interactions in 
the field is likely to be all the more important. 

Other factors might also play important roles in different contexts. 
While it is clear that inclusiveness is not an automatic outcome of citizen 
science projects, but depends on the techniques and practices of involving 
participants, studies exploring both successful and unsuccessful examples 
can further help to understand how openness, inclusiveness and broader 
diffusion of the benefits and learning outcomes can be fostered within 
citizen science. 
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Highlights 


e Increased attention is focused on how to support and evaluate par- 
ticipation and learning through citizen science. 

e The dimensions of science capital provide a new framework through 
which to consider participation and learning. 

e The links between volunteers’ prior level of educational qualifica- 
tions and disciplines studied, and the learning they report from 
contributing to citizen science are not uniform across projects. 

e The levels and dimensions of volunteers’ engagement and learn- 
ing do not always reflect the intentions of citizen science project 
designers. 


Introduction 
Inclusiveness and learning are two concepts underpinning the principles 


of citizen science put forward by the European Citizen Science Associa- 
tion (ECSA). The learning of volunteers in citizen science and its educative 
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potential have been much discussed in recent years, as have the educational 
backgrounds and qualifications of those contributing to such projects 
(e.g., Bonney et al., ‘Citizen Science’, 2009; Garibay Group 2015; Haklay 
in this volume). There has also been growing exploration of how project 
design can affect the educational profiles of volunteers, the learning 
potential of projects (e.g., Phillips et al. 2014) and how projects may be 
designed to widen participation in citizen science (Novak et al. and 
Mazumdar et al., both in this volume). Overall, however, the educational 
impact of participating in citizen science has remained under-researched 
(see also Peltola & Arpin in this volume). Evidence is often anecdotal or 
based on evaluations rather than up-to-date learning theory and system- 
atic research (Falk et al. 2012). 

This is beginning to change and this chapter offers research evidence 
on learning through citizen science based on work that has been devel- 
oped in the United States and Europe. This is ongoing, so broad conclu- 
sions would be premature. Research on learning through citizen science 
is in its infancy and, while it can draw on wider research traditions in infor- 
mal science learning (e.g., Falk et al. 2012) and informal and experiential 
learning more generally, this is not yet fully the case. The chapter also 
seeks to make the case for considering learning through citizen science 
within a broader conceptual framework, that of science capital (Archer 
et al. 2015). The developing concept of science capital points to the itera- 
tive relationship between people’s dispositions towards science, partici- 
pation in science-related activities and science-related outcomes, including 
learning (DeWitt, Archer & Mau 2016). Basically, the more one is part of 
aculture of participation in science-related activities, the more one is likely 
to develop science learning outcomes and the disposition to participate 
further in science-related activities. In other words, developing science 
capital means developing a culture of participation in, and learning from, 
science-related activities, including citizen science. 

The concept of science capital is relatively new within research on 
science learning in general and at the periphery of research and practice in 
citizen science (Edwards et al. 2015). It provides a broader framework to 
consider issues of participation and learning in citizen science. It contrasts 
with many preliminary explorations of learning through citizen science, 
which focus primarily on what people learn and how best to evaluate 
learning outcomes while trying to draw connections to peoples’ motiva- 
tion to participate. These outcomes can be identified narrowly or broadly. 
Narrow science learning outcomes may embrace areas such as domain 
knowledge, for instance in relation to specific fauna or flora, or specific 
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scientific methods. Broader learning outcomes may embrace areas such as 
environmental stewardship and the development of science identities. 

While there has been a widening of ideas about what volunteers may 
learn from participation in citizen science, less attention has been given 
to how they learn; that is, the practices in which they participate that ena- 
ble learning when contributing to citizen science projects. Exploring how 
people learn focuses on the people and resources with which volunteers 
interact and how they engage with them to learn, if indeed they do learn. 
Better understanding how people learn can enable practitioners to better 
design projects or develop curriculum, training materials or professional 
development materials for teachers to enhance the educative potential of 
citizen science projects. Learning is not simply cognitive, but also social 
and cultural (Fenwick, Edwards & Sawchuk 2011), hence the interactions 
among volunteers or between volunteers and project coordinators, and 
facilitation thereof, should be carefully considered. 

If it is important to develop broad science-related outcomes, includ- 
ing learning, then exploring the social and cultural aspects of volunteer 
participation — the nature and extent of their science capital - and how 
these can be developed becomes important. Some citizen science practi- 
tioners are becoming interested, therefore, in how citizen science might 
enhance the building of science capital among volunteers — developing a 
wider culture of engagement in science-related activities — as well as their 
specific science learning through individual projects (e.g., Bailey 2016; 
Kirn 2016). 

This chapter suggests that an approach to developing citizen science 
projects that seeks to develop science capital could have positive benefits 
on the educational profiles of those who participate and enhance the edu- 
cative potential of citizen science. 


Science capital 


The concept of science capital has been developed from the work of the 
French sociologist Pierre Bourdieu. Science capital refers to the educa- 
tional qualifications, social networks, dispositions and behaviours among 
those working in, or engaged with, sciences (Archer et al. 2015). Itisa 
subset of the social and cultural capital that accrues to individuals une- 
qually in society and results in the reproduction of those inequalities. 
In other words, inequality is not only economic, but is also social and 
cultural. 
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The existence of individuals and families with higher or lower lev- 
els of science capital, therefore, can be utilised to explain inequalities in 
participation in science-related activities and the unequal learning of 
science. It can also help to shape practitioner responses to this situation. 
Science capital can be seen as a resource to support the development 
of science learning and identities as part of a culture of engagement with 
science-related activities. Individuals and families may develop more or 
less science capital and the children of those families with most science 
capital are more likely to consider science education and a scientific career 
as options for their futures (Archer et al. 2015). Science capital helps 
explain the ways some people engage with and learn sciences, while oth- 
ers do not, and can also be considered an outcome of participation in 
science-related activities. In other words, the more one develops science 
capital, the more one is likely to participate in science-related activities, 
thus further enhancing one’s capital. 

Archer et al. (2015) identify eight dimensions of science capital: 


e scientific literacy; 

e scientific-related values; 

e knowledge about transferability of science in the labour market; 
e consumption of science-related media; 

e participation in out-of-school science learning contexts; 

e knowing someone who works in a science-related job; 

e parental science qualification; and 

e talking to others about science outside the classroom. 


Some of these dimensions may be used to design citizen science 
projects and develop pedagogical and other interventions that can build 
science capital and change current patterns of participation. Science 
capital also suggests that broadening participation in citizen science 
and enhancing its educative potential is not simply an educational issue, 
but also social and cultural. Citizen science projects may become a 
means to enhance volunteers’ science capital, but, at present, they seem 
to draw largely from populations with higher pre-existing levels of sci- 
ence capital. Refocusing attention on potential volunteers with lower 
science capital means addressing the wider cultural factors that influ- 
ence what and how people participate in science-related activities in 
society. 

Little research has yet been done to investigate how citizen science 
participation may increase science capital and the concept itself is still in 
development. More rigorous research drawing on the notion of science 
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capital is required before stronger claims can be made. This might involve 
new studies or the re-analysis of existing datasets. Some existing studies 
are discussed in the next section. 


Science capital and volunteer demographics 


Understanding who currently contributes to citizen science and their edu- 
cational and wider backgrounds is an area of concern. While there are 
significant attempts to widen participation and encourage diversity among 
volunteers contributing to citizen science projects, to date most surveys 
show that it is those that are older, more highly qualified and from higher 
socio-economic backgrounds who are most likely to participate (e.g., Gar- 
ibay Group 2015). In addition to these factors, gender and race are also 
significant in who volunteers in what types of citizen science project. In 
general, it is the already advantaged — those with the greatest social 
and cultural capital —- who are most likely to volunteer. This is a pattern 
to be found in volunteering more broadly (European Foundation for the 
Improvement of Living and Working Conditions 2011). Determining the 
extent to which this is also related to higher levels of science capital, how- 
ever, means examining the specific scientific disciplines previously stud- 
ied by volunteers and the nature and level of their engagement in wider 
science-related activities. 

In two ornithology citizen science projects in the UK studied by 
Edwards, McDonnell and Simpson (2016), 83 per cent of respondents 
were male, 98 per cent were white and the largest proportion was in the 
61-70 age range. As a proxy of their higher socio-economic status, 67 per 
cent of respondents had a university-level qualification. In other words, 
the majority of volunteers might be argued to have high social and cul- 
tural capital. Exploring further, the study found that large numbers of 
volunteers had gained either school and/or university-level qualifica- 
tions in the sciences. Therefore, a majority of volunteers could further be 
argued to have higher levels of science capital as the basis of their partici- 
pation in these citizen science projects than the wider population. To 
explore the impact of citizen science participation on the development of 
science capital, the study also explored volunteers’ enjoyment of partici- 
pation in a wider range of science-related activities, such as scientific 
hobbies or watching science television programmes as a result of partici- 
pation in the projects. Little overall affect was found. The building of sci- 
ence capital was not an explicit goal of the two projects studied, nor does 
it appear to be a significant implicit outcome. 
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Working with schoolchildren offers an opportunity to engage a pop- 
ulation with more diverse levels of science capital than would be the case 
through volunteer-based projects (see Makuch & Aczel; Harlin et al., both 
in this volume). In these cases, the student citizen science participants are 
not volunteering out of interest, but rather participating in a compulsory 
curriculum. Increasingly, citizen science programmes are designing expe- 
riences and curriculum that engage students in both practising the skills 
of science and interacting with the broader community of volunteers and 
scientists also participating in the project. For instance, the Gulf of Maine 
Research Institute’s Vital Signs programme (Kirn 2016) has developed 
novice-friendly protocols, standards-aligned curriculum, and professional 
development support and coaching for schools and teachers to facilitate 
the successful engagement of children in scientific investigations and pro- 
vide an opportunity for increasing science capital. Through Vital Signs, 
students practice scientific skills to explore their environments, collect 
rigorous observational data, conduct peer review of one another’s work, 
share data online, and engage in public discussion through the programme 
website with the scientists and natural resource managers using their data. 
Kirn notes how resources and protocols designed explicitly for novice 
volunteers, as well as interaction with experts, helps to encourage and 
sustain engagement and learning, contributing to an increase in science 
literacy. Additionally, these interactions between experts and novices 
give science novices the opportunity to get to know scientists and/or sci- 
ence enthusiasts with high science capital. 

Other providers of science-related activities, such as urban ecology 
centres and museums, link with citizen science projects to promote wider 
engagement and learning. Some citizen science projects, such as eBird at 
the Cornell Lab of Ornithology, have developed curriculum and profes- 
sional development materials for teachers to support engagement and 
learning. While valuable initiatives, the extent to which they continue to 
engage those with pre-existing higher levels of science capital rather than 
provide bridges for those with lower science capital remains unknown. 


How and what volunteers learn 


In addition to increasing knowledge in science content areas, some citizen 
science projects aim to increase science learning in the broader sense 
and include cognitive, affective, practical and behavioural outcomes 
(Bonney et al. 2016). Here, learning is not simply focused on the knowl- 
edge and skills relevant to the scientific goals of the specific project, but 
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extends to a wider engagement with science as a whole. For instance, learn- 
ing outcomes intertwined with environmental science knowledge include 
interest in science and the environment; efficacy to do and learn about sci- 
ence and engage in environmental activities; motivation to participate in 
science and environmental learning; understanding of the nature of sci- 
ence; acquisition of science enquiry skills such as data collection, analysis 
and interpretation; and involvement in environmental stewardship prac- 
tices outside of project activities (Phillips et al. 2014). It is in developing 
these broader learning outcomes and how they are enhanced that citizen 
science might be said to contribute to the building of science capital and 
a culture of engagement with science-related activities in society more 
generally. 

However, although many citizen science projects have successfully 
demonstrated an increase in participants’ understanding of science content 
and processes, fewer studies have examined wider outcomes. For instance, 
in their study of ornithology citizen science projects, Edwards, McDonnell 
& Simpson (2016) found that large percentages of volunteers identified 
themselves as learning something across a range of science-related out- 
comes. However, it was only in relation to ‘learning about the topic’ and 
‘learning about data collection’ that volunteers identified themselves as 
learning a lot. Prior level of educational qualification, one marker of sci- 
ence capital, was significant here, as there were statistically significant dif- 
ferences between volunteers with or without a degree. Overall, the less 
qualified the volunteers, the more they evaluated themselves as learning 
across most of the outcomes. This suggests that those with a higher level of 
qualification are not being extended or are not extending themselves in 
contributing to projects — they are simply drawing on their existing levels 
of science capital. There are indications from this study that citizen science 
participation can enhance the learning of those with less science capital. 

However, existing research is not entirely consistent on this point. 
For instance, Kloetzer, Schneider & Jennett (2016) researched learning 
and creativity in nine online citizen science projects. Unlike Edwards, 
McDonnell & Simpson (2016), they found a very low correlation between 
level of education and self-reported learning. However, as with other stud- 
ies, they found also different degrees of participation among volunteers 
with a minority being more active than the majority. The degree of active 
participation was linked to the level of learning outcomes reported. The 
extent to which that participation was linked to prior levels of science cap- 
ital remains unknown. However, there are some indications that high 
engagement enhanced science capital as higher-order learning was related 
to active and social learning, and 37.5 per cent of the participants claimed 
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that participation in a citizen science project helped them discover a new 
field of interest. This shows the importance of examining not only who is 
participating in citizen science but also how they are participating and 
examining the impact of citizen science on volunteers within the frame- 
work of a wider culture of participation in science-related activities. 
Kloetzer, Schneider & Jennett (2016) identified a number of ways in 
which people learn through participation in citizen science: contributing 
to the project; using external resources; using project documentation; 
interacting with others and personal creations. These point to the rela- 
tional and material ways in which people learn, and the heterogeneity of 
learning outcomes and processes: people learn different things in differ- 
ent ways within the same project. In other words, how learning is designed 
into citizen science projects does not guarantee that volunteers will learn 
what is intended or in the ways planned. The mismatches between planned 
and actual outcomes is found elsewhere. Drawing on a study of six citi- 
zen science projects across a spectrum of contributory to co-created (see 
also Ballard, Phillips & Robinson; Novak et al., both in this volume, on 
these different types of participation), Phillips (2016) identified four 
different dimensions of engagement — behavioural, affective, effort and 
social — and various indicators of each. Significantly, levels of engage- 
ment were not directly related to the type of project as more co-created 
projects did not necessarily have a larger proportion of participants iden- 
tifying themselves as having higher levels of engagement. This suggests 
that what is planned and designed as learning does not necessarily result 
in the anticipated outcomes; volunteers engage with and make use of 
projects in unplanned ways and, as a result, learn different things. 
Evidencing participants’ existing expertise and how peer support 
occurs is another important element of citizen science practice. For 
instance, Hillman and Makitalo (2016) studied the learning of contribu- 
tors to Galaxy Zoo, an online international project to classify images of gal- 
axies (see also Haklay in this volume). They argue that online citizen 
science projects that focus on classification tasks tend to deliberately 
require relatively low skill levels since their goal is often to enrol as 
many volunteers as possible and render all their contributions equal in 
relation to the scientific protocol. Communities of volunteers were iden- 
tified as developing around classification tasks and it was activities in 
these communities that provided a rich source for learning. It was also in 
online discussion among these communities that the resources volun- 
teers drew on became visible through, for instance, moving from using 
URLs to newspaper articles or popular science websites to referring to more 
research-focused resources such as astronomical databases. Drawing on 
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a sociocultural conception of learning as the appropriation of cultural 
tools or resources, Hillman and Makitalo (2016) used changes in resource 
use in online forums as an indicator of learning and scientific literacy. In 
the discussion forums, those with less scientific literacy moved from the 
use of popular to more scientific resources, from curating content to for- 
mulating arguments, and from soliciting advice to providing guidance as 
contributors developed more familiarity and expertise. In particular, the 
authors argue that the appropriation of scientific resources is a strong indi- 
cator of scientific literacy and that progression along learning trajecto- 
ries is visible for new members of citizen science communities as they 
successively appropriate these resources. While such shifts are difficult to 
track in the more ephemeral interactions of face-to-face citizen science 
projects, the technologies of the internet often render them readily chart- 
able in relation to online citizen science projects. Tracing the activities of 
citizen science volunteers as they discuss online means that data produced 
can be argued to reflect trajectories in the building of science capital and 
reveal some of the means through which it can be built. 


Issues for the future 


It is clear from both the research and practice worlds that learning is 
occurring among volunteers in citizen science. Yet exploring how that 
occurs as well as what is learnt remains in its the early stages, and the 
picture emerging is complex, full of tensions and highly influenced by 
context. Prior qualifications, volunteer demographics, project design, par- 
ticipation and engagement are all significant. Examining these issues 
through a social and cultural framework and drawing on the dimensions 
of science capital could enable a better understanding of the dynamic 
interrelationship of these and other issues. 

At a broad strategic level, building a stronger international research 
base on learning in citizen science; relating it more clearly to wider educa- 
tional research; and engendering stronger relationships between research 
and practice are clear priorities for the future. More specifically, questions 
remain about the correlation between project design and learning out- 
comes; variations in the prior science capital of participants; and what and 
how resources are used in citizen science projects. Much research and eval- 
uation in citizen science to date relies on self-reported learning processes 
through surveys and less often interviews (see Kieslinger et al. in this vol- 
ume). There is a need for more refined, ethnographically informed studies 
to examine more closely how volunteers learn (see, for example, Peltola & 
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Arpin in this volume). Exploring the extent to which patterns emerge in 
relation to prior science capital, project design, participant recruitment, 
engagement and learning would be helpful for practitioners. The forms of 
project support for learning, and the possibilities for peer learning within 
the context of projects, are also of interest. The possible contribution of citi- 
zen science to enhancing science capital has also yet to be addressed fully, 
as has how best to support those contributing to projects with different 
levels of science capital. These are only a few of the issues emerging for 
research and practice as the field of citizen science expands. 


Conclusions 


At a policy level, the potential of citizen science to engage citizens in more 
informed debates on science and scientific issues as they relate to broader 
social, economic, environmental and cultural questions is becoming clear. 
In relation to education policy specifically, the continued growth of the 
links between citizen science projects and formal educational institutions 
is to be encouraged (see also Wyler & Haklay in this volume). Here citizen 
science can be rethought of as itself a form of pedagogy, and one with the 
capacity to increase learners’ science capital. The extent to which citizen 
science can build science capital and enable wider engagement with sci- 
ence-related issues, such as the impact of climate change, deserves fur- 
ther experimentation and investigation. 

In relation to the management of citizen science projects, a more 
explicit engagement with the issues of learning and science capital would 
be welcome when designing and resourcing projects. This entails more 
and greater systematising of relevant research, and developing more and 
better models of research-practice interactions. As the field of citizen sci- 
ence grows, there will no doubt be a related growth in the diversity of pro- 
jects and scientists seeking to engage participants or understand the 
dynamics of participation. Supporting that growth while enhancing the 
diversity of participants in citizen science and their learning remains a 
challenge, but one for which there is a growing evidence base. 
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Highlights 


e Children can both learn from and contribute to citizen science. Sci- 
entific learning can develop children’s environmental citizenship, 
voices and democratic participation as adults. 

e The quality of data produced by children varies across projects and 
can be assumed to be of poorer quality because of their age, experi- 
ence and less-developed skill set. 

e If citizen science activities are appropriately designed they can be 
accessible to all children, which can also improve their accessibility 
to a wider range of citizens in general. 


Introduction 


To date, a cursory examination of the literature tells us that a large num- 
ber of citizen science projects have been, or are, in the environmental 
domain. It is thus on environmental citizen science that we focus this 
work'. This chapter suggests why children ought to be involved in citizen 
science — largely through environmental projects, highlights some case 
study examples to show positive and negative outcomes of child par- 
ticipation in said projects, comments on the potential contributions to 
science education and environmental awareness, and highlights some 
practical considerations of child involvement in citizen science. This work 
is thus premised on the two-way benefits of engaging children in environ- 
mental citizen science: 
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1. Children can both learn from and contribute to environmental 
knowledge, education and scientific enquiry; and 

2. Where activities take place outdoors, child involvement in citizen 
science provides access to the environment, enabling children 
to develop environmental awareness, responsibility, emotional 
and physical benefits. 


As the European Citizen Science Association (ECSA) assert in their 
formative ‘Ten Principles of Citizen Science”, ‘Citizen science is a flexible 
concept which can be adapted and applied within diverse situations and 
disciplines”. It is exactly this adaptability and promotion of diversity which 
we embrace in this chapter, as we argue that such approaches can open 
up opportunities, outlined below, for child participation, in the environ- 
mental field. Furthermore, the involvement of individuals, (thus includ- 
ing children), in citizen science is advocated in ECSA Principle 3, which 
states that ‘learning opportunities, personal enjoyment, social benefits, 
satisfaction through contributing to scientific evidence e.g., to address 
local, national and international issues [. . .] and influence policy’, inter 
alia, may be some of the gains of participation in citizen science projects, 
and this is very much aligned to the work of environmentalism. 


Why citizen science? 


Cheng and Monroe (2012, 32) assert that ‘[h] uman behaviour is implicated 
in a number of environmental problems. In addition to solutions that can 
be offered by experts and policy makers, citizens’ conservation actions are 
needed’. Thus, citizens and benefactors of the earth need to be responsi- 
ble for the planet and all that is sustaining and enriching. A ‘citizen’ can 
be defined broadly as someone who has a stake in the future of the global 
environment. This chapter also adopts a more localised definition of a ‘cit- 
izen’ as someone who has a stake or interest in their local community.* 
Principle 1 of the ECSA Principles” avers that ‘Citizen Science projects 
actively involve citizens in scientific endeavor that generates new knowl- 
edge or understanding [. . .] Citizen may act as contributors and have a 
meaningful role in the project’. 
Further, citizen science, on a practical level, has the potential to: 


1. Educate individuals about the environment in a broad sense, and 


ecology, species and scientific concerns, among others, in a nar- 
rower sense; 
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2. Be efficient, as local citizens undertaking data collection with qual- 
ified and trained experts can save time and money for regulators; 

3. Engage at the local level, physically and temporally, rather than 
being remote or detached. Citizens live and work in their local 
environment and are more likely to notice, or be affected by, envi- 
ronmental change; 

4. Be participatory and contribute to environmental justice. This is par- 
ticularly pertinent in situations where local authorities or politi- 
cians are not willing or able to act on environmental matters. 


Based on the above definitions, all children are current and future citizens 
and have a stake in the natural world. 


Developing environmental citizenship 


Children have an innate curiosity and desire to experience and learn that 
can enhance their citizen science experience (Jenkins 2011). Working 
with children brings insightful questions, new ideas and fresh perspec- 
tives on how scientific information is presented and interpreted. Research 
shows that children are naturally ‘exploratory, inquiry-oriented, evidence- 
seeking’ in their learning (National Research Council 2009, 67). The 
communication and exploration of science in a way that is primarily 
directed to children will arguably benefit children (and laypersons) 
involved in a citizen science project (Bonney et al. 2016). This child- 
focused form of communication can thus have multiple positive benefits: 
Difficult concepts are clearly explained, understanding of environmen- 
tal problems is arguably made easier, knowledge can then be shared 
within communities and preconceptions of science and environment can 
be challenged and ‘corrected’ (Kambouri 2015a; Kambouri 2015b), par- 
ticularly as ‘the core components of initial science learning are (1) accurate 
observation, (2) the ability to extract and reason explicitly about causal 
connections and (3) knowledge of mechanisms that explain these con- 
nections’ (Tolmie et al. 2016, 2). Citizen science offers the opportunity 
for children and young people to undertake research and ask questions 
from their unique perspectives, which may lead to a different understand- 
ing of issues, alternative solutions (Wells & Lekies 2006) and learning of 
distinct skills. 

In addition to contributing to scientific enquiry, exposure to positive 
experiences as a child can have a profound effect in adulthood, particu- 
larly in developing responsibility or positivity towards an issue (Jones, 
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Greenberg & Crowley 2015; Edwards et al. in this volume). Positive expo- 
sure to the environment as a child is shown to create positive attitudes 
towards the environment as an adult (Wells & Lekies 2006; Cheng & 
Monroe 2012). Children are more receptive to specific aspects of the nat- 
ural world at certain ages, with particular developmental stages crucial 
in engaging the child citizen scientist as an emerging supporter of sci- 
ence and of the environment (Kellert 2002; White & Stoeck 2008). 

Noting the above, an additional argument for the inclusion of chil- 
dren in citizen science is that children are gradually becoming disconnected 
from nature and the environment (Louv 2005; Miller 2005; Kahn, Severson 
& Ruckert 2009). There is an abundance of literature examining childhood 
behaviour (Wells & Lekies 2006; Cheng & Monroe 2012), education (Lit- 
tledyke 2004; White & Stoeck 2008), psychology (Kellert 2002) and par- 
ticipation (Hart 1997; Wells & Lekies 2006), and the benefits to be gained 
from exposure to nature through citizen science (Purcell, Garibay & Dick- 
inson 2012). If children find their participation on a nature-focused citizen 
science project exciting, and the experience of the outdoors stimulating, 
it could help develop self-confidence, connection to the environment and 
responsibility and empathy for nature and others. Furthermore, the prac- 
tical tasks involved, such as preparation of the experiment and data 
collection and monitoring, can help to develop a sense of responsibility 
particularly for the work and for the environment and/or species with 
which they are engaged. 


Filling a regulatory and democratic gap 


Fluctuating political, social and, inter alia, economic circumstances, can 
arguably have an impact on government budgets and investment in envi- 
ronmental monitoring (Conrad & Daoust 2008). Here, citizen science can 
potentially fill a regulatory gap through the contributions of volunteers 
(Shirk & Bonney; Volten et al.; Owen & Parker, all in this volume). Further- 
more, it may be easier to organise child participation and engagement as 
there are ready-formed pools of schoolchildren, scouting groups, activity 
clubs and so on (Wells & Lekies 2006). Advocates comment that creating 
a fun and engaging project is central to recruiting volunteers, particularly 
children (Dickinson et al. 2012). Moreover, an approach to participating 
in science and environment that is not solely adult-centric could promote 
inclusivity and a democratic approach to public participation in environ- 
mental decision-making (Hart 1997), very much in line with ECSA Princi- 
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ples 1 and 3°, with adults making a deliberate decision to extend 
participation and inclusivity in citizen science projects to children. As Sil- 
vertown (2009, 467) asserts, ‘the characteristic that clearly differentiates 
modern citizen science from its historical form is that it is now an activity 
that is potentially available to all, not just a privileged few’ (but see also 
Mahr et al., in this volume, on the history of participatory science). How- 
ever, commentators observe that we still have a long way to go in making 
citizen science truly democratic and diverse (Tweddle et al. 2012; Small- 
man in this volume), though including children is positive step towards 
these goals. 

Citizen science ought not to be limited by age, geographical, racial, 
economic, (dis)ability, gender or other boundaries, and can be a group 
or solo activity (Liebenberg 2015; Stevens et al. 2014). Projects can be 
designed to be appropriate for children and can take place in urban envi- 
ronments or places not typically associated with the exploration of nature, 
such as schools, yards or windowsills. Projects can also be designed to be 
inclusive with respect to learning or physical disabilities. 

This chapter argues that: 


1. Citizen science by definition should be inclusive across gender, eth- 
nicity, class, disability, level of education and so on. A diverse mix 
of participants contributing to scientific enquiry means that a broad 
range of perspectives can inform the research. Including children 
in citizen science further broadens the scope of the research due to 
their ways of viewing and enquiring about the world. 

2. Citizen science may improve access to STEMM fields (science, tech- 
nology, engineering, mathematics and medicine) for marginalised 
groups that have been historically excluded. Citizen science pro- 
jects can be designed in ways that aim to overcome gendered, racial 
and other biases often associated with STEMM (Ceci & Williams 
2011); and, 

3. Generating interest or opportunity for engagement in citizen sci- 
ence among groups that might traditionally have been excluded 
from STEMM fields, or groups that might suffer from environ- 
mental discrimination or inequity, has social, educational, health 
and developmental benefits (European Citizen Science Associa- 
tion 2014, see Robinson et al in this volume; Dickinson & Bonney 
2015). 
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Benefits for child citizen scientists 


Physical and emotional 


Children in citizen science can profit in their emotional and physical devel- 
opment and well-being. Box 27.1 highlights some of the key benefits of 
participation. 


Interpersonal and social 


Understanding and communicating science is arguably vital to the devel- 
opment of a sustainable world. Moreover, interpersonal and social skills 
are needed to prepare children for a healthy and productive future. Out- 
door learning experiences, and particularly citizen science projects, can 
give children the courage to try new activities with new people, which 
ultimately have a positive effect on their self-esteem and confidence to 


Box 27.1. Physical and emotional benefits of child participation in 
citizen science and engagement with nature 


Sense of inclusion with nature is associated with understanding 
how an individual identifies his or her place in nature, the value 
that he or she places on nature, and how he or she can affect nature 
[...] Connectedness to nature, caring for nature and commit- 
ment to protect nature are core components of inclusion within 
nature (Cheng & Monroe 2012, 34, citing Schultz 2002). 


Citizen science can: 


e engage children with a purposeful and positive activity, 
which can help improve mental and physical growth; 

e get children outdoors and help children to connect with nature; 

e help children understand the environment and the impor- 
tant role of ecosystems; 

e assist children in claiming some ownership of their environ- 
ment and provide them with the ability to participate in its 
guardianship; 

e teach children scientific concepts and provide information and 
data that can be used both to further develop understanding 
of science and safeguard the environment. 
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participate in further collaborative opportunities (Dillon et al. 2006). 
Projects such as community gardens can give children a ‘context for 
learning that addresses multiple societal goals, including a populace that 
is scientifically literate, practices environmental stewardship, and par- 
ticipates in civic life’ (Krasny & Tidball 2009, p.1). For example, the inter- 
generational Garden Mosaics programme’ has a variety of activities in 
urban settings, and seeks to ‘integrate learning from the “traditional” or 
practical knowledge of community gardeners with learning from science 
resources produced at Cornell University’, allowing children both to learn 
about environmental science and engage in civic ecology (Krasny & Tidball 
2009, 5) community garden restoration and management initiatives (see 
further, Tidball & Krasny 2007). Further, the Little Seedlings phenology 
project (The Conservation Volunteers, online, undated) at a garden cen- 
tre in Scotland? worked monthly (April-August 2014) with children aged 
4-12 (some with parents) using The Woodland Trust’s Nature’s Calendar 
website survey and recording sheets’ to record and view seasonal events 
and the impact of climate change on wildlife. Organisers taught child par- 
ticipants about seasons and the changes they bring to nature, though 
acknowledged the limitations of younger children (under 7) in collecting 
data (The Conservation Volunteers, online, undated!°). 

Moving on, we comment below in box 27.2 on some key benefits to 
children, the environment and to citizen science from child participation 
in a plastic debris sampling project, while box 27.3 draws out some pros 
and cons of data analysis by children engaged in a citizen science project. 


Box 27.2. National sampling of small plastic debris, 
supported by children in Chile 


1. A wide pool of capable child citizen scientists 
This inclusive project, which combined environmental stew- 
ardship with child citizen science, highlights the ‘two-way’ ben- 
efits of citizen science projects. In this case, children from all 
around Chile and Easter Island both filled gaps in data on the 
accumulation and abundance of debris on Chilean beaches, 
and their personal development benefited from engagement in 
an environmental activity (Hidalgo-Ruz & Thiel 2013, 14). 
A pilot study was used to first test the protocols and data report- 
ing forms so that adjustments could be made to guarantee data 
quality (Bonney et al., ‘Citizen Science’, 2009, 979; Hidalgo-Ruz 


(continued) 
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Table 27.1 Results from the final evaluation survey applied to 


students (Hidalgo-Ruz & Thiel 2013, 14) 


Majority Percentage 
Question response (%) 
On a score from 1 to 7, how much fun was 7 61.1 
this small plastic debris project? 
Had you heard about small plastic debris No 73.1 
before this project? 
Had you participated in an activity related No 61.7 
to the environment before this project? 
Did you read the story “The journey of Yes 83.0 
Jurella and the microplastics”? 
On a score from 1 to 7, how interesting 7 51.8 
did you find the story of Jurella? 
Would you like to participate in other Yes 96.1 
environmental activities in the future? 
What was your favorite part of the Field work 76.2 
project? Please mark one option on the beach 


& Thiel 2013, 13). The programme ran for two months and 
involved nearly 1,000 students (from 8 to 16 years old). 


2. Positive experiences 


Students completed a survey (see summary in table 27.1) to 
evaluate their overall satisfaction with the programme and 
children ‘rated the activity with an average grade of 6.3, in 
which 61% of all students qualified it with a 7 (the best pos- 
sible grade). The favorite part of the activity was the field 
sampling (76% of the students)’ (Hidalgo-Ruz & Thiel 2013, 
14). Roughly three-quarters of the students had never heard 
of ‘small plastic debris’ before the programme, and for 62 per 
cent, this was their first ‘environmental activity’ (14). Yet, 
96 per cent of all students said they wanted to participate in 
future similar activities (14). 


. Outcomes 


‘To validate the data obtained by the students, all samples 
were recounted in the laboratory. The results [. . .] showed 
that the students were able to follow the instructions and 
generate reliable data’ and that children who take part in 
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citizen science projects can engage in ‘a scientific thinking 
process’ (Hidalgo-Ruz & Thiel 2013, 15) through learning 
about impacts of pollutants such as plastic debris, in addition 
to experiencing positive changes regarding their attitudes 
towards science (Lawless & Rock 1998, 7-8) and potentially 
the environment (Phillips et al. 2012, 92-93). Further, this 
case study demonstrates that child citizen science can help in 
the collection of ‘large-scale spatial [. . .] data on the occur- 
rence and abundance of small plastic debris’ (Hidalgo-Ruz & 
Thiel 2013, 17). 


Box 27.3. Conducting ecological research: Analysing data 
collected by German schoolchildren 


1. Limitations in collection of data by children 

In conjunction with a project investigating dispersal and pre- 
dation of seeds in rural and urban ecosystems, Miczajka, Klein 
and Pufal (2015) conducted a study to determine whether 
children could contribute to an ecological experiment by col- 
lecting data qualitatively. In Hamburg and Luneburg, Ger- 
many, 14 classrooms with a total of 302 children aged eight 
to ten years old, with ‘no comparable experience or training 
in conducting scientific experiments’, were taught 12 lessons 
by scientists, of which four were dedicated to the citizen sci- 
ence project (5). Six experiments were devised, with differ- 
ent conditions. The children ‘used pre-designed field protocols’ 
to measure conditions including weather; vegetation cover 
(using words, such as ‘lots of cover’) and height (using a 
ruler); treatment and colour of seeds; number of seeds 
exposed; and number of seeds recovered at the end (4). The 
scientists conducted the same measurements as the children 
to compare their data. The study found that ‘only in five 
classes out of 14, children and scientists provided similar 
cover estimates’ (5), and the measured range of vegetation 
heights for scientists was 0-40 cm and for children was 
5-800 cm (5). 


(continued) 
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2. Outcome dependent on task 

On the other hand, from a total of 1,680 seeds, the children 
recorded 83.9 per cent of seeds compared to 88.7 per cent 
recorded by the scientists. The authors demonstrate that 
‘seed count data from children and scientists was mostly sim- 
ilar’ (and differed significantly only for one particularly small 
type of seed), while on the other hand there was ‘only little 
concordance in the estimation and measurement of vegetation 
and height data’ (Miczajaka, Klein & Pufal 2015, 5, 7). There- 
fore, the results show that measuring height and conducting 
estimates is ‘difficult’ for children with little experience (5). 
Conversely, as ‘counting is an innate skill for children aged 
eight to ten because they learn it early’, they achieved mostly 
similar results to the scientists. The authors conclude that it 
is ‘possible to integrate elementary school children as citizen 
scientists in [ecosystem science] projects . . . if these projects 
require skills that the children are already familiar with’ but 
that citizen science experiments requiring skills beyond their 
level ‘would require intensive preparation and training’ (6). 
Thus, this case study illustrates that children can contribute 
as scientists, but it is arguably important to first assess the 
skills and knowledge required to ensure valuable and more 
accurate data. 


Educational 


Citizen science has been credited with ‘hold[ing] much promise’ (Jenkins 
2011, 501) for making classroom-based/laboratory-based learning less 
boring and science more accessible to children (Jenkins 2011, 505-6; 
Rodriguez 2015, 14; and see Wyler & Haklay in this volume re: motivat- 
ing university students). Corrigan (2006, 51) asserts that science educa- 
tors ‘need to have a clear purpose of what they hope their students will 
learn’ for science education to better engage students. Cherry and Braasch 
(2008, 1) argue that there is a demonstrated need to increase both for- 
mal and informal science and climate literacy, and show that citizen sci- 
ence ‘works because data collection stimulates experiential and cognitive 
ways of learning’. Citizen science is also credited with promoting scientific 


CITIZEN SCIENCE 


and ecological literacy and offers the potential to develop a lifelong inter- 
est in science (Jenkins 2011, 502; Rodriguez 2015, 13-16; Miczajaka, 
Klein & Pufal 2015, 2). 

Pike and Dunne (2011, 494-5; 498-9; 487) state that often UK stu- 
dents are not motivated beyond the compulsory school curriculum to 
study science after age 16, finding the curriculum fails to enthuse students 
or they see science as irrelevant to their lives. Jenkins (2011, 504) con- 
tends that students might find science inaccessible because they cannot 
relate to it. Thus, citizen science can be pitched at varying levels of aca- 
demic ability and experience, and can ‘translate’ abstract topics into ones 
that can be visualised (Johnson, Hart & Colwell 2014a, 12-13). 

Citizen science can also help to address inequalities in access to edu- 
cation (Gommerman & Monroe 2017), particularly in developing coun- 
tries. Working in groups and using the natural world as the laboratory 
resulted in a low-cost educational model. The National Research Council 
(2009, 3) found that there are benefits to learning science through 
‘informal’ environments and that non-school programmes ‘may posi- 
tively influence academic achievement’. 

Oberhauser and Prysby (2008, 104), commenting on their Monarch 
Larva Monitoring Project, observe that from an educational perspec- 
tive, volunteers, including many children, have learned data collection 
protocols and had the opportunity to be engaged in authentic research. 
Many teachers, parents and other youth leaders use this programme to 
engage children in the scientific process’. A 2015 study by Wells et al. 
(2015, 2873) documented a ‘modest, positive effect on science knowledge 
among elementary school children in low-income communities’ through 
randomised controlled trials. In addition, school garden science projects 
benefit the development of the ‘whole child’ by ‘contributing to social, 
academic, cognitive, and health outcomes’ (Wells et al. 2015, 2874). Fur- 
ther, Trautmann et al. (2012, 179) observe that citizen science provides 
‘meaningful connections to the natural world’ for children ‘through 
observation, data collection and [. . .] investigation’. Yet, though there are 
broader benefits to be obtained from data collection and child participa- 
tion in citizen science, not all child-centred citizen science projects will 
yield wholly accurate results or data (see box 27.2 and box 27.3, above). 

On a positive note, citizen science allows for children to learn about 
nature and the environment in an immersive and structured way, bene- 
fiting from the solid disciplines and underpinnings of scientific inquiry, 
while being engaged in an experience that will impact their role as future 
custodians of the world and also as potential future scientists (Krathwohl, 
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Bloom & Massia 1964; Harlin et al. in this volume). It is clear though that 
the scientific tasks being undertaken should be tailored to the ability of 
the participants and potentially employ ‘skills that the children are already 
familiar with’ (Miczajaka, Klein & Pufal 2015, 6). Therefore, in spite of 
some limitations, children who had the chance to undertake actual sci- 
entific research and work with ‘proper’ scientists had a learning experi- 
ence ‘shown to be more effective than education by teacher-centered 
teaching in other studies’. (Miczajaka, Klein & Pufal 2015, 6). 


Curriculum enhancement 


Child involvement in citizen science projects can also play a role in for- 
mal education and curriculum enhancement. For example, the Greenwave 
project (1997), an initiative of the Discover Science and Engineering 
Programme at Science Foundation, Ireland, was ‘the longest running 
phenology network in Ireland in which school children were the main 
participants’ (Donnelly et al. 2014, 1239). According to Donnelly et al. 
(2014, 1241), over 150 schools participated in this project, which fed into 
the Primary Science/Social, Environmental and Scientific Education cur- 
riculum. Participation in Greenwave was one of the criteria applied to 
awarding the Science and Maths Excellence mark to schools. 

Formally connecting citizen science projects to national curricula 
helps realise its potential benefits. Where there is not the political expe- 
diency to formally adopt or integrate citizen science into the curriculum 
there is a strong potential for citizen science projects to develop their own 
school-centred learning materials and lesson plans, which may well feed 
informally into national learning schemes (see, for example, the Imperial 
College London/Open Air Laboratories [OPAL] project.) 

Jenkins (2011, 501) states that ‘participation in citizen science pro- 
jects moves scientific content from the abstract to the tangible involving 
students in hands-on, active learning. In addition, if civic projects are cen- 
tred within their own communities, then the science becomes relevant to 
their lives because it is focused on topics in their own backyards’. However, 
some guidance is needed, from a teacher, parent or other leader (with 
some form of scientific expertise) because ‘[c]itizen science, by definition, 
relies on co-operation between a range of experts and non-experts, which 
in many cases, involves some sort of public engagement, education, and 
data collection’ (Jordan et al. 2015, 208). 
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Participation, engagement and children’s voices 


Bultitude (2011, 2) comments that ‘[a] recent major review [. . .] within 
the UK identified four key cultural factors that have influenced the sepa- 
ration of science from society, resulting in an increased need for scientists 
to engage with public audiences: 1. The loss of expertise and authority of 
scientists; 2. A change in the nature of knowledge production; 3. Improved 
communications and a proliferation of sources of information; 4. The 
democratic deficit’. 

Bultitude acknowledges that these issues might also be relevant out- 
side the UK and the following points in turn suggest how they might be 
addressed by child citizen science: 


1. Loss of expertise. Citizen science engagement with children can 
expose children to the joy of science, equip them with some key 
knowledge and enthusiasm for science, and introduce them to the 
crucial roles of scientists in society. When children are included in 
citizen science projects, they learn about the rigour of scientific 
experiments and the importance of scientific integrity, and how to 
question valid research and evidence. Citizen science can thus 
increase awareness of the particular areas of scientific study being 
undertaken (Gommerman & Monroe 2017). 

2. Nature of knowledge production within the context of an increas- 
ing variety of actors and collaborators producing ‘science’. There is 
clearly a role for children in science and the more they learn how 
to do science, the better. Citizen science participation can thus be 
seen as a supplementary form of learning, beyond the curriculum. 

3. Proliferation of communication channels and sources of informa- 
tion. In Bultitude’s (2011) view, this is positive and can be further 
nurtured within the context of children and citizen science. Chil- 
dren can be actively engaged in citizen science through games, 
apps, computers, Geographical Information Systems and other 
technologies. 

4. Democratic deficit. Bultitude (2011) comments on the disenfran- 
chisement of citizens and their disconnectedness from decision- 
making and participatory processes (see also Smallman in this 
volume). She points out that ‘recent changes in the nature of deci- 
sion-making processes have created a “democratic deficit”, whereby 
political-scientific decisions are increasingly made outside of the pub- 
lic arena’ (Bultitude 2011, 3). As active participants in environmental 
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citizen science, children are more likely to be informed, understand 
the local — and global — issues at hand, and ultimately have more to 
contribute to a discussion or decision-making. 


Engaging children in citizen science now — as they will be the future 
guardians of the environment — is a useful way to teach them about wild- 
life and habitats, engage them in conservation efforts and attain useful 
monitoring data and evidence on biodiversity and population health, and 
other environmental impacts which contribute towards effective environ- 
mental management. Hart (1997, 3), cautions, however, ‘that all chil- 
dren can play a valuable and lasting role [in environmental protection] 
but only if their participation in taken seriously and planned with the 
recognition of their developing strengths and unique competencies’. 
As Kellett (2005, 10, section 6) asserts, children contribute to research 
through addition of their ‘genuine child perspective’, and their ability 
to communicate with their peers and disseminate information from a 
‘child voice’ Kellett (2005, 10; 16; 19). Furthermore, on a positive note, 
as Cornell Professor John Losey explains, ‘kids are high energy’ and 
their lack of training may arguably lead them to search in places experts 
may overlook.'* 

Education also develops awareness and the ability to generate an 
informed opinion. Referring to Corburn’s (2005) analysis of citizens in 
New York who educated themselves about neighbourhood environmental 
risks and successfully rallied against polluters because their children con- 
tinually suffered from health issues, Jenkins (2011, 507) observes that: 


if these citizens had citizen science experiences during their science 
education, just imagine how much more empowered they would feel 
when facing such challenges. They may have to learn the specifics 
of the pollution to which they are being exposed, but they would 
already have authentic science experiences that they could build 
upon. Science becomes a tool of many that can be used to address 
concerns in people’s everyday lives. 


Data quality, ethics and practical considerations 


Data quality is a key issue in citizen science (Fowler et al. 2013; Wiggins 
et al. 2011; Kosmala et al. 2016) and it is also perhaps assumed that chil- 
dren are more likely to obtain inaccurate data, due to their age, over- 
excitement or lack of attention (Miczajka, Klein & Pufal 2015; see also 
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box 27.2 and box 27.3, above). There are not yet many studies compar- 
ing the quality of child citizen science data like-for-like with data col- 
lected by adults, though Burgess et al. (2017, 116) suggest that there is a 
‘higher probability’ of professional scientists using data collected by retir- 
ees for primary research purposes. They are significantly more likely to 
use data collected by college students or adults with college degrees, and 
are ultimately more likely to use data collected by college students or 
adults with college degrees than younger individuals (Burgess et al. 2017, 
116-7). As noted above regarding the two case studies (see boxes 27.2 and 
27.3), data collection by children will vary from project to project due to 
variability in project design and goals, scope of the research being under- 
taken, prior knowledge and age of the children. However, we assert that 
citizen science projects can be designed to work around the abilities of the 
children involved (see further, Miczajaka et al. 2015; box 27.3). 

Related to the data collection issue, this chapter has also alluded to 
the need for science to be legitimate, rigorous and accurate (Bultitude 
2011), which is also a concern for academics involved in citizen science 
projects (Riesch & Potter 2014; Wyler & Haklay in this volume). A sen- 
sible approach for projects with children is to keep research methods 
simple, which will produce simple results more likely to be fairly accu- 
rate (Riesch & Potter 2014). Other scientists researching citizen sci- 
ence projects have commented that ‘there is no such thing as quality of 
data, it’s what you use the data for. Different uses will require different 
quality’ (Riesch & Potter 2014, 112; Williams et al. in this volume). 
Although quality depends on the age and level of development of the 
child participants, children can still make valuable contributions to a pro- 
ject, particularly ones that require extensive monitoring over time and 
space (Miczajka, Klein & Pufal 2015). Furthermore, involving large 
numbers of children and changing the pool of researchers will increase 
accuracy. Anecdotal evidence from an OPAL” event in 2014 conduct- 
ing a group-level and species-level identification exercise (trees and 
bumblebees) indicated that parents tended to ‘jump in’ and make a spe- 
cies identification based on existing knowledge, whereas children were 
more methodical, followed the guidance and came to the correct iden- 
tification more often than their parents (OPAL 2016). To this end, 
advocates have produced guidelines and methodologies for including 
children in research (Johnson, Hart & Colwell 2014b). Johnson, Hart & 
Colwell (2014a) suggest six steps for engaging young children in research 
(see figure 27.1), including the development of ethical protocols for work- 
ing with young children'*. Further below, box 27.4 also suggests some 
child-centred approaches, following Piaget (Wadsworth, B.J. 2004) and 
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STEP 1 STEP 4 STEP5 STEP 6 


Consideration Selecting Identifying Consideration 
of capacity appropriate = appropriate forms of 
and capability methods of communication context 


Fig. 27.1 The six steps for engaging young children in research. 
(Source: Adapted from Johnson, Hart & Colwell 2014a) 


Box 27.4. Child-centred learning approaches 


Child-centred learning approaches, as promoted by Piaget, fit well 
with citizen science, which: 
e offers an environment within which to facilitate learning, 
rather than providing direct tuition; 
e focuses on the process of learning, rather than the end prod- 
uct of it; 
e promotes ‘active methods’ of learning that require ‘discovery’ 
and investigation; 
e allows children to learn from each other and from their lead- 
ers/facilitators, working collaboratively and in a group; 
e means children can be included based on the level of their 
individual development and ability. Tasks can be set accord- 
ingly so all children can be included. 


box 27.5 includes some common sense approaches, for the inclusion of 
children in citizen science. 


Going forward 
This chapter has outlined reasons for the explicit inclusion of children as 


a distinct group in environmental citizen science projects. Reasons for 
inclusion have focused on the contribution that children can make to a 
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Box 27.5. Common sense policies for engaging 
child citizen scientists 


e Always obtain prior informed consent from parents/guardi- 
ans and children (if there are specific vulnerable children, 
their school is likely to be aware of this so working with 
schools is sensible); 

e Do not post photographs of child participants or name child 
volunteers (even if you are thanking them for their involve- 
ment) unless consent has been obtained; 

e Do not give specific details as to ages, names, addresses, etc. 
Precise data can include using codes and generic informa- 
tion, so that what needs to be made public will be anonymised. 


citizen science project in terms of data collection and monitoring, and also 
the insights to the project that emanate from their unique childhood per- 
spectives and enthusiasm for learning as a result of being included. In 
turn, there is acknowledgement that participating children can be from a 
diverse mix of backgrounds, experiences and ages, and can gain the ben- 
efit of formal and informal scientific and environmental education and 
awareness raising, that can subsequently enhance their interest in and 
access to STEMM at school and in the wider community, foster the devel- 
opment of positive attitudes towards the environment, promote physical 
activity and assist in further developing their potential for inclusion in 
environmental decision-making. 

The conclusions, so far, above, have drawn together some of the 
potential positives of including children in environmental citizen science 
but the question also needs to be asked as to whether children can really 
actually contribute to citizen science. Are they too young? Do they lack 
capacity and experience? Can they do the science ‘properly’? Will they 
behave well? In response to these questions, it is noted in the work that 
there are shortcomings in relation to including children in citizen science 
projects, largely centred on the accuracy of data collection. Perhaps, how- 
ever, the broader benefits of inclusion, outweigh the dis-benefits associ- 
ated with data collection, and this work has suggested ways to address 
some shortcomings, for example, through setting scientific tasks for chil- 
dren that are aligned to their unique abilities and skill sets, pitching at an 
appropriate level of academic ability and experience, and being realistic 
about what the data will be used for. 
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Further, just as adults may have colleagues that are difficult to work 
with, some children might be ‘challenging’. This does not mean that they 
should be excluded — if a citizen science project is engaging and interest- 
ing, children are likely to contribute well. Children like to be given tasks 
and to be productive, and they like to explore and learn when in a stimu- 
lating environment (Kellert 2002). To this end, there are many positive 
contributions that children can make to citizen science and that citizen 
science can contribute to children. To facilitate this, tasks need to be age- 
appropriate and with adequate supervision, explanation and guidance. 
A citizen science project with children is about developing the citizen 
and also developing the science. For project leaders, respectfully commu- 
nicating in a way that is aimed at children, building their self-confidence, 
developing a sense of responsibility and ownership of the work can greatly 
assist in developing the child and the project. 

Children arguably view the environment and their place in it differ- 
ently from adults. Including children in citizen science means they will 
learn substantive skills, develop as individuals and hopefully, go on to be 
custodians of the natural world. Enabling — and encouraging — children 
to participate in science research projects ‘is an empowering process’, lead- 
ing to a ‘virtuous circle of increased confidence and raised self-esteem 
resulting in more active participation by children in other aspects affect- 
ing their lives’ (Kellet 2005, 10). Furthermore, as demonstrated through- 
out this chapter, if projects are designed with regard to children’s specific 
skills and abilities, they are able to contribute valuable data and research 
as citizen scientists. There is, therefore, a double reason for including chil- 
dren in citizen science. 
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Notes 


1 Though our experience is in the environmental field, we note that citizen science is not 
limited to the environment. The SciStarter database (https://scistarter.com/citizenscience 
-html - accessed 28 November 2017) contains environment-related citizen science projects, 
and some related to psychology, social sciences and computers and technology. There are 
also projects related to inter alia, language, literature, health, data processing, disasters, 
cybersecurity, war, etc., listed on the Scientific American Citizen Science database (https:// 
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www.scientificamerican.com/citizen-science/ — accessed 28 November 2017) — another 
example of an excellent repository. 

European Citizen Science Association, Ten Principles of Citizen Science, https://ecsa.citizen 
-science.net/sites/default/files/ecsa_ten_principles_of_citizen_science.pdf— accessed 28 
November 2017. 

See note 2, above. 

Environmental citizen science can also positively contribute to objectives advanced under 
Local Agenda 21 schemes to achieve sustainable development at the local level. See further, 
Constructing Local Environmental Agendas: People, Places and Participation, edited by Susan 
Buckingham-Hatfield & Susan Percy, 2005, Routledge. 

See note 2, above. 

See note 2, above. 

Cornell University Civic Ecology Lab https://civicecology.org/outreach/garden-mosaics 

/ — accessed 30 May 2017. 

Dobbies, in Kinross, Perthshire, Scotland, https://dobbies.com/events/little-seedlings 

/ — accessed 25 May 2017. 

Woodland Trust http://www.woodlandtrust.org.uk/visiting-woods/natures-calendar/ in 
collaboration with the NERC Centre for Ecology & Hydrology https://www.ceh.ac.uk 

/ -accessed 25 May 2017 

See: Phenology Recording with Young Children, https://www.tcv.org.uk/sites/default/files 
/172/files/CSR_Dobbies.pdf — accessed 30 May 2017. 

The UK Open Air Laboratory Project: https://www.opalexplorenature.org/schools — accessed 
30 May 2017. 

Kids Count: Young Citizen Scientists Learn Environmental Activism: Student researchers 
become the eyes and ears of environmental scientists, By Evantheia Schibsted, October 2, 
2007 George Lucas Educational Foundation, Edutopia: ‘A comprehensive website and online 
community that increases knowledge, sharing, and adoption of what works in K-12 
education’. https://www.edutopia.org/service-learning-citizen-science — accessed 30 

May 2017. 

‘Open Air Laboratories is a UK-wide citizen science initiative founded in 2007 that allows 
people to get hands-on with nature while contributing to important scientific research.’ 
http://www.imperial.ac.uk/opal/about-us/ — accessed 04 December 2017 

In terms of getting ‘free labour’ and ‘free data’ from children participating in citizen science 
projects, ethical questions have been raised. Riesch and Potter (2014) comment that many 
citizens are willing to participate, pro bono, in citizen science projects in exchange for the 
learning and engagement opportunities. Here we will add then, that guardians, school- 
teachers and parents have to act legitimately in the best interests of the child when consenting 
to the participation of minors in citizen science projects. We contend that the larger benefits 
arguably outweigh the pitfalls. Further, any concerns over ‘ownership of data,’ the role of 
participants, and safeguarding of precise or personal data can be ironed out at the onset of 
the project, as seems to be the case in practice, and should not be a barrier to the participa- 
tion of children in citizen science (Bowser 2014). 


CHILDREN AND CITIZEN SCIENCE 


409 


28 


Turning students into 
citizen scientists 


John Harlin’, Laure Kloetzer?, Dan Patton’, Chris Leonhard’, 
and Leysin American School high school students! 


1 Leysin American School, Switzerland 
2 Université de Neuchatel, Switzerland 


corresponding author email: jharlin@las.ch 


In: Hecker, S., Haklay, M., Bowser, A., Makuch, Z., Vogel, J. & Bonn, A. 2018. Citizen Science: 
Innovation in Open Science, Society and Policy. UCL Press, London. https://doi.org/10.14324 
/111.9781787352339 


Highlights 


e Schools can introduce vast numbers of citizens to participatory 
science. 

e Students feel more engaged in their learning by participating in 
genuine scientific investigations where they are contributing to 
world knowledge. 

e Citizen science projects offer opportunities for teacher professional 
development. 

e Teachers have many opportunities to merge their curriculum with 
citizen science projects. 

e Teachers need support in efficiently finding projects that fit their 
immediate classroom needs. 


Introduction 


Citizen science is growing in popularity, but most attention focuses on 
adult volunteers and their potential contribution to science and society. 
This disregards the millions of children studying science in school as they 
learn the skills of citizenship. Would hands-on involvement in real science 
projects simultaneously teach them about the scientific process and 
engage them with the world around them? Could these budding scientists 
contribute actual data and knowledge that adds value to science and 
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society? Experience in education suggests that the answers to these ques- 
tions are a resounding yes (see also Edwards et al.; Makuch & Aczel; Wyler 
& Haklay, all in this volume). 

This chapter explores citizen science in schools. It highlights key 
learnings from the scientific literature, then explores a large teacher- 
developed citizen science project at the Leysin American School in Swit- 
zerland called LETS (Local Elevation Transect Survey). It includes the 
voices of students who participated in the LETS project. Finally, it shares 
ideas on how to integrate citizen science into teaching at schools. The 
conclusion discusses connections to the Ten Principles of Citizen Science. 


How and why to embed citizen science into schools 


Young people spend a large part of their lives in school. Some engage 
easily, whereas others struggle to see the ‘relevance’ of what they are study- 
ing. This can be especially true in the sciences, where concepts often feel 
remote from a young person’s life. This is not helped by the fact that exper- 
iments they do in class and the data they collect are later thrown away. 
What if the data they collect could be preserved because it contributes to 
scientific knowledge, and maybe even helps to solve real problems? 
Connecting citizen science and schools seems like a natural step. The 
promise of citizen science as an educational tool would appear to be a 
win-win game: teachers and students get authentic access to science in 
action, including scientists, scientific research questions, processes, data 
and data analysis, all of which promotes engagement with science and 
learning opportunities. Meanwhile, scientists get many enthusiastic 
volunteers (the students) along with team leaders and data quality filters 
(the teachers), while also expanding public awareness of their research 
topics and findings. A careful reading of the emerging scientific literature 
that explores citizen science projects in schools partly supports this 
hypothesis. It also highlights a few critical challenges, suggesting a 
‘trade-offs’ model (Zoellick, Nelson & Schauffler 2012, p. 310). 


Educational, motivational and transformative outcomes 


What do students learn from participating in citizen science projects? 
There is considerably more literature on learning outcomes from general 
public participation in citizen science than there is from student par- 
ticipation. Research on public participation shows that learning outcomes 
are widespread but difficult to evaluate and highly differentiated. In 
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environmental projects, Jordan, Ballard & Phillips (2012) identify the 
following learning goals from public participation: understanding ecol- 
ogy; understanding the science process; engagement with, and interest 
in, science and nature; motivation to participate; skill development in the 
scientific process and inquiry; environmental stewardship behaviours; 
and science and ecological identity. This typology has been extended to 
other scientific fields and to online citizen science projects with an alter- 
native typology covering six levels of potential learning outcomes for indi- 
vidual participants: project-specific learning outcomes directly related to 
the tasks, concepts and mechanics of the project; disciplinary knowledge 
related to the topic of the project (for example, synthetic biology, philoso- 
phy or meteorology); scientific literacy; other knowledge and skills unre- 
lated to the main topic of the project; personal development, including 
expanding interests and social networks; and identity change (Kloetzer 
et al. 2013; Jennett et al. 2017). 

Citizen science in formal education, including primary schools, sec- 
ondary schools and higher education, might be expected to bring similar 
individual learning outcomes. However, the material and social context 
of the classroom, as well as its social dynamics, are different from what 
can be observed in the general public. Specific research is needed to eval- 
uate these learning outcomes but remains limited at the present time. The 
existing papers highlight three main things. First, citizen science projects 
indeed seem to teach disciplinary knowledge and increase scientific lit- 
eracy (Zoellick, Nelson & Schauffler 2012), as well as positively alter atti- 
tudes towards science (Vitone et al. 2016). However, secondly, and most 
importantly, their value may go beyond these science-specific learning 
outcomes. The main outcomes of these projects may be motivational and 
transformative. 

Participation in citizen science projects in college classrooms is 
reported to increase the sense of meaning of school learning and science 
courses. Considering Cell Spotting, a cell biology project, the authors 
write: ‘besides helping students to consolidate and apply theoretical con- 
cepts included in the school curriculum, some other types of learning have 
been observed such as the feeling of playing a key role, which contributed 
to an increase in students’ motivation’ (Silva et al. 2016). In the classroom, 
teachers often struggle to find a balance between strict curriculum require- 
ments and the desire to find new and interesting ways to engage and 
motivate students. Participation in the collection and analysis of real- 
world data is engaging for both students and teachers (Trautmann et al. 
2012). By having actual value, citizen science imparts a sense of meaning 
in learning. Engagement with nature at a younger age may provide a means 
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for engagement with science: ‘Connecting young learners to the natural 
world through a citizen science approach provides a meaningful con- 
text for learning about science in the primary/middle age of schooling’ 
(Paige, Hattam & Daniels 2015). 

Thirdly, going beyond students’ individual learning outcomes, citi- 
zen science projects may also benefit teachers and change the nature of 
schools themselves. Benefits to the educational process itself may be 
observed through increased engagement of the students and social rele- 
vance of the topics. Vallabh et al. (2016) report the following example: 
studying a river-monitoring project, they suggest that shifting the 
emphasis of the project from scientific testing to matters of concern for 
the local community serves as a driver of learning and change by empha- 
sising situational motives and lifeworld contradictions. 


The need for careful design and support for teachers 


The existing literature also identifies critical challenges for the success of 
citizen science projects at school. The primary challenge is the balance 
between scientific and educational goals: ‘Citizen science program lead- 
ers and scientists must clearly define the desired balance between learn- 
ing goals and scientific goals. If broader learning goals are a priority, then 
that should be reflected in the activities of participants, and these goals 
should be stated explicitly’. Jordan, Ballard & Phillips 2012, 307). The 
tasks offered should be consistent with learning goals, which are largely 
defined for teachers by the school curriculum (see also Makuch & Aczel 
in this volume). This requires the careful design of tasks offering both sci- 
entific interest and educational potential, which might be difficult, as 
‘the questions of interest to the scientists [are] not aligned with student 
learning outcomes specified in state educational standards’ (Zoellick, Nel- 
son & Schauffler 2012, 312). Keeping this balance between scientific 
goals and educational goals may therefore require third-party mediation 
(Houseal 2010, cited in Zoellick, Nelson & Schauffler 2012). 

The second challenge is that of supporting teachers. Citizen science 
programmes need to offer relevant teaching material to ease the work of 
teachers in connecting them to school curriculum. However, ‘simply 
offering project support materials, such as leaders’ guides, to individual 
groups or teachers rarely leads to project adoption’ (Bonney et al., ‘Citi- 
zen Science’, 2009, 980). Even more importantly, these programmes 
request and offer opportunities for teacher professional development. 
Reporting on the Acadia Learning Project, a collaboration with 11 schools, 
20 teachers and thousands of students to investigate spatial variations in 
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mercury in macroinvertebrates, Zoellick et al. (2012, 310) analyse the 
original impetus for working with teachers and students, which was ‘a 
need to undertake long-term sampling and a desire to engage students in 
authentic scientific research’, and noted that the project identified ‘a need 
for teacher professional development’. As Zoellick et al. wrote, ‘we had 
teachers and students who needed additional support to undertake basic 
scientific work but who valued the engagement with a real and complex 
project’ (Zoellick et al. 2012, 312). This was solved with further profes- 
sional training for teachers through regular online and occasional in-per- 
son access to scientists and summer institutes. Similarly, Paige et al. (2015) 
present two citizen science programmes developed as part of larger 
teacher professional development projects. In these cases, ‘teachers real- 
ized the benefits for their students and their own professional learning’ 
(Paige, Hattam & Daniels 2015, 11). This happened mostly through ‘long 
term participation in small professional learning communities supported 
by university academics’ (Paige et al. 2015, 12). Therefore, citizen science 
projects for classrooms should consider the needs of both teachers and stu- 
dents (Zoellick et al. 2012). 

Support for teachers and careful design for educational purposes 
are important because otherwise it may be difficult for overworked teach- 
ers, constrained by busy curriculums, both to engage themselves in new, 
complex activities and to engage their students in activities with no clear 
connections to the required curriculum. Teachers often feel pressured for 
time and unsupported by administration when it comes to the extra effort 
needed to try a new form of teaching. Consequently, there are recurrent 
difficulties in recruiting classrooms into citizen science programmes. 


Three models for embedding citizen science in schools 


Three models for embedding citizen science in schools, which offer differ- 
ent resources to overcome the challenges identified above, are listed below. 


Type 1: Adoption and adaptation of an existing programme 
Type 2: Autonomous local development 


Type 3: Local partnerships between scientists and teachers 


These three models are summarised below before the chapter turns 
to present a case study of a type 2 project. 


Type 1 projects take advantage of hundreds of school-friendly citizen sci- 
ence programmes worldwide, which may bring the difficulty of knowing 
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which projects might fit a school’s region or curriculum. For example, 
CITI-SENSE (www. citi-sense.eu) used high school students as citizen sci- 
entists in indoor air quality research. This international effort (across nine 
European cities) had the dual mission of gathering and analysing data, 
while also exploring how citizen science projects can best work with stu- 
dents and schools. In his report, SINTEF senior scientist Sverre Holds 
stated that ‘Results from the collaboration so far indicate that students and 
teachers are motivated to engage in these environmental studies, and able 
to perform studies of good quality’ (Holds 2016). 

CITI-SENSE also found that while each city was successful at recruit- 
ing a school, considerable attention had to be paid to fitting the research 
into narrow windows of time during which the needs of the curriculum 
matched the needs of the science investigation. Schools also had concerns 
about privacy, misuse of data and how to navigate school policies on 
technology and internet access. CITI-SENSE therefore found that while 
recruiting schools was often successful, it requires significant time and 
effort. 

Rather than actively recruit schools, it is more common for citizen 
science projects to simply make themselves available online for teachers to 
discover. Some projects have developed supportive resources, from teach- 
er’s guides to specific protocols and individual lesson plans. Perhaps the 
oldest and most widely used citizen science programme for schools is the 
GLOBE Program (www.globe.gov). Launched by NASA in 1995, GLOBE 
(for Global Learning and Observation to Benefit the Environment) is now 
used in over 100 countries and has over 100 million entries in its interna- 
tional database. Developed explicitly for schools, its teacher support mate- 
rials are extensive and tied to American standards. A number of regional 
GLOBE offices have sprung up worldwide to serve local needs. Ironically, 
teachers in the GLOBE programme stated in personal communication 
that the sheer quantity of material that they offer is overwhelming for many 
time-strapped teachers. 

Various hubs are also developing where teachers can learn about 
projects they might want to participate in. Some are highly regional, 
such as Tous Scientifiques (www.schweiz-forscht.ch), which promotes 
citizen science projects in Switzerland. For others, the earth is not large 
enough - Zooniverse (www.zooniverse.org) grew out of the popular 
Galaxy Zoo project, where anyone with a computer can help scientists to 
classify galaxies. The Zooniverse now offers photo-based identification 
and classification projects as wide-ranging as counting penguins in Ant- 
arctica and identifying endangered condors in California. Many of their 
projects offer supportive materials for teachers to use with their students. 
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The broadest citizen science project finder is SciStarter (www.sci 
starter.com), which offers over 1,600 projects. Users can narrow their 
searches by activity, location, whether projects are school-based and 
whether they offer teaching materials. SciStarter is currently biased 
towards the United States, which stems largely from its origins at Arizona 
State University’s Center for Engagement and Training in Science and Soci- 
ety. However, according to the project’s management, SciStarter also fea- 
tures an ever-increasing number of projects from outside the United States 
and is working to further develop its support for international education. 


Type 2 projects are suited to especially motivated teachers who want to 
design their own projects relevant in their local environments. Key consid- 
erations in this context include, first, the choice of a research question, 
along with developing a connection to the scientific community. Next is 
the professional training of the teachers, if possible in a group where they 
can discuss how to guide students, as well as the ethical, scientific and 
practical issues of the research. Finally come the practical issues, including 
the choice of data collection and data analysis tools. Entering data on a 
website or app custom-built for someone else’s project might not be useful. 
Several services now offer completely customisable data entry forms that 
are simple to use. MyObservatory (www.my-observatory.com), for exam- 
ple, allows users to create forms on their website that can be filled out in 
the field on a smartphone. The data goes to the MyObservatory site, which 
among other things offers the ability to create graphs and export the data 
in multiple formats, including universal comma-separated values (csv). 


Type 3 projects involve deliberate partnering between scientists and edu- 
cators. This type of project has been tested by Cornell Lab of Ornithology 
(CLO) over the last 20 years, where it has been extremely productive 
but requires careful planning and significant efforts from both teachers 
and researchers (Bonney et al., ‘Citizen Science’, 2009). It also requires 
interdisciplinary collaboration, in CLO’s case between experts ‘in educa- 
tion, population biology, conservation biology, information science, com- 
putational statistics, and program evaluation’ (Bonney et al., ‘Citizen 
Science’, 2009). The co-construction of the research project facilitates 
connections to the curriculum, as in the BirdSleuth project, which was 
‘developed over three years with extensive input from more than 100 
middle-school teachers across North America. Teachers helped to develop, 
pilot, and field test the curriculum so it covers subject matter (e.g., diversity, 
adaptation, and graphing skills) that teachers can easily integrate into their 
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lessons’ (Bonney et al., ‘Citizen Science’, 2009, 981). These partnerships 
require significant funding for both the teachers’ and scientists’ time to 
be able to reach a productive balance of scientific and educational goals. 

In all cases, further research is needed to evaluate the outcomes and 
challenges of each of these types of citizen science projects in schools (see 
Kieslinger et al.; Richter et al., both in this volume). The next section pre- 
sents a case study of a type 2 project. 


LETS Study Leysin: An annual school-wide 
citizen science project 


Presentation of the LETS Study 


In 2014 the Leysin American School (LAS) in Switzerland decided to 
get involved in citizen science. Its teachers closely examined the local 
environment, considered how best to study it and developed a long- 
term research project appropriate to their locality and school. The school’s 
individual experience has been broadened into a roadmap to starting a 
citizen science programme at school (see later section), which is intended 
to inspire other schools to develop their own long-term research projects. 

The LETS Study Leysin project emerged from teachers’ belief that 
getting kids outside and into the local forest would excite them about 
learning science; two years into the programme, they believe this more 
strongly than ever. Reaching across the curriculum to other departments, 
the study also engages the whole school, including nearly all the teach- 
ers. Following a strict set of data-collection protocols, students feel that 
they are contributing valuable information to experts who can use it to 
model the impact of global climate change on the forests of the Alps (the 
project, including its growing set of protocols, is described in depth at 
www.lets-study.ch.) 

The town of Leysin is perched on a steep mountainside in Switzer- 
land (figure 28.1). The town itself spans an altitude range from 1200 m 
to 1700 m. The hillside drops below the town to the valley floor at 450 m 
and rises above the town to a limestone peak at 2300 m, well above the 
local timberline. Thus, the obvious environmental characteristic of 
Leysin’s geography is elevation. The main questions students are explor- 
ing through LETS are (1) How does altitude affect life? (2) How will cli- 
mate change affect altitude distributions of species? The first question 
can be partially addressed during twice-annual days of research. The 
second question can only be addressed over a longer time period, but the 
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Fig. 28.1 The LETS Study Leysin plots studied by the Leysin American 
School span an elevation range from approximately 600 m to 2,300 m. 
Students visit the 30 m x 30 m plots that are not covered in snow twice 
per year, once in May and once in October. The plots are displayed in 
Google Earth. 


research is expected to continue for decades, eventually turning into a 
serious longitudinal climate study, because it is being institutionalised in 
the school. 

The transect itself was set up by LAS teachers in consultation with 
Dr. Christophe Randin, an ecologist from the nearby Université de Laus- 
anne who specialises in the Swiss Pre-Alps, including Leysin (Randin 
et al. 2009). Teachers have so far established 14 fixed plots of 30 m by 
30 m at altitudes from 600 m to 2,300 m (plus a dozen smaller meadow 
plots). These were chosen for their consistency of aspect, slope and forest 
cover, though there is diversity in forest type. Inside these plots, trees are 
identified, measured and mapped; species are inventoried with the iNat- 
uralist app (which photographically records and geolocates species that 
can be corroborated via a social network of professional and amateur 
taxonomists); and students are given the opportunity to carry out their 


CITIZEN SCIENCE 


jNaturalist.o: Observations v Species»  Projectsv Places Guides People zo @5 @ sarin 


« Projects Terms & Rules | Edit project 


7 sre Tey ADD 
ceo ced OBSERVATIONS 


LRO 
LRFP,! 


LETS Day October 2016 - Leysin bioblitz 
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Fig. 28.2 LETS Days’ happen twice a year: in October, about 130 7th- to 
10th-graders fan out in groups of 10, one group to each site (with teachers 
for supervision); and in May, over 100 11th graders do the same as part 


of their International Baccalaureate (IB) Group 4 Day (Group 4 is a 
mandated co-operative science research in the IB programme). 


Silver Fir 
21 observations 


own investigations. All accessible altitudes are investigated on the same 
day (snow-cover permitting). 

Before heading out into the field, students write a journal entry 
recording their thoughts in response to the prompt, ‘Describe the forests 
of Leysin’. In education terminology this is known as activating prior 
knowledge: asking students what they think they are going to see creates 
the mental space for them to absorb what they actually see. Laden with 
picks, tape measures, thermometers and cameras (among other tools), the 
groups then walk to their assigned plots. Once on location, students set 
up the boundaries of their study site then divide it into nine 10 mx 10m 
subquadrats with string. Smaller teams measure, photograph and dig to 
collect data (figures 28.3 and 28.4). 

During LETS Day in October 2016, LAS students were joined by 
about 50 students from the Université de Neuchatel, along with a few 
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Fig. 28.3 The highest LETS plot with trees lies at 2,000 m on the Tour 
d’Ai. Here students have laid out strings to divide the 30 mx 30 m plot 
into nine subquadrats that are used for mapping the tree cover. 
(Source: John Harlin) 


Fig. 28.4 The highest tree discovered by LAS students was found at 
2,090 m on the Tour d’Ai during LETS Day 2015. (Source: John Harlin) 


Fig. 28.5 Students practice tree measurements near campus at 
1,390 m. During LETS Days the circumferences of all mature trees in 
most LETS plots are measured. (Source: John Harlin) 


PhD candidates and their professor. Their mission was to conduct a more 
thorough BioBlitz (species inventory) of each plot by utilising iNaturalist 
and their skills with a taxonomy book. The school students finish each 
LETS Day by creating a quick poster based on their research. 


Today we were scientists: Students recount their 
experiences during LETS Day 


Overview of the experience: LETS Day report by the students 


The following report has been compiled from students’ own words as writ- 
ten in their afternoon reflection following LETS Day. The writing is 
lightly edited for continuity between the multiple authors. 


‘LETS Day was amazing. I was like a scientist. It was harder than 


I imagined, but an exciting experience. Learning about your com- 
munity is very interesting.’ 
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‘Over time this project will help us understand the changes that are 
happening to the forests around Leysin. From that information 
people will learn what to expect. Climate change is a big issue, and 
Leysin, being on top of a mountain, could be very affected by it. 
Our studies could help our town to prepare for and adapt to the 
coming changes.’ 


‘Citizen science is collecting data, analyzing it, and putting it out 
there for scientists to use. The data can be collected by anybody: 
students, teachers, workers, and many others. On LETS Day we col- 
lected data about trees, temperature, and other factors. It was quite 
interesting to feel like a specialist in tree identification. We entered 
the data into a document that can be looked at by scientists so they 
can observe climate change. This data will show differences when 
compared to data five or ten years later. Scientists can learn how 
the plants and animals start to move up the mountain because of 
climate change.’ 


‘We saved lots of time for these scientists. We did part of the work 
on the forest and now they have to do the other part.’ 


‘Here is what we did on LETS Day. First, we hiked for a long time. 
Many students were so tired. I like hiking, but Pm usually too lazy to 
walk anywhere, so I was happy to have this experience. I fell a lot of 
times, but it was okay because I learned how to hike in the forest.’ 


‘Our first job was to find the orange buttons [these mark the corners 
of each plot]. It was very difficult because there were so many trees. 
But we found all of them, then we put strings between the buttons so 
it became a square. Then we put strings again and it became like a 
grid with nine subquadrats. Then we divided into groups and meas- 
ured and mapped the trees inside the subquadrats. The highlight of 
our exploration was putting the white strings on the hill.’ 


‘My group was in charge of “baby trees” and had to measure, take 
photos, and identify little trees. Others recorded the temperature 
every 30 minutes. Others wrote down the circumferences.’ 


‘Tt was kind of confusing to do all the things at first but then we got 
it. We made mistakes but we fixed them easily and carefully. The 
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data we collected today was pretty accurate. Our group members 
were working together and we got everything done fast and with 
high quality. 

Then we ate our sandwiches under a huge tree with mud.’ 


‘At the end of the day we put our measurements into the computer 
and it gave us statistics like average circumference. We input the data 
that we collect every year where everybody can see them.’ 


Highlights of the day 


Interestingly, the highlights of the day vary greatly from one student to 
the other, even in the same group, highlighting that the real benefits of 
the project depend mostly on the subjective experience of the students. 
We identified three main types of reported highlights, which we call act- 
ing in nature, acting together (teamwork) and discovery. 

Most LAS students come from large urban environments and their 
strongest impressions were simply of being outside in the forest, which 
was new to them. Some memorable quotes are included below. 


‘It is so cool to be in the forest. You get to run around, take pictures, 
and help other scientists. I will invite friends to come here and see 
what I just saw: a magical forest. Overall, it was a very wonderful 
and memorable experience, one that you have to have once in your 
life.’ 


‘The highlight was eating and laughing with my group. We were all 
really cold and it was funny. I was really badly dressed but overall it 
was fun and interesting.’ 


‘We went to the highest point of the mountain and I liked it very 
much. The view was amazing and in my opinion the exploration we 
did will help to find the difference in forest climate within the next 
years.’ 


‘The highlight was being able to hold an earth worm in my hand for 
the first time. It was great!’ 


Some students remarked on how they felt empowered by teamwork and 
leadership: 
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‘My favorite part of the day was having the opportunity to be a leader 
and help my community. Even if it was just a small part, small parts 
can have big jobs.’ 


‘I enjoyed the leadership opportunity. I think it inspired me to try 
more leadership activities at LAS.’ 


‘The team work made us close to each other. I really appreciated how 
teammates helped each other, all united in order to contribute to the 
ecosystem study.’ 


It suggests that various roles in teams may trigger different experiences 
and outcomes. 

For others, the highlight was discovery, including how much they 
enjoyed field science: 


‘The highlight was meeting the university students and exploring 
the forest with them. Finding mushrooms and plants, observing 
them, and looking at differences.’ 


‘T liked talking to the college students because that gave me knowl- 
edge on why climate change is a real issue that affects all of us directly.’ 


‘How great of a school I am in to be able to physically study climate 
change and understand nature!’ 


‘When I go to a university, I want to research forests.’ 


Roadmap to starting a citizen science programme 
at school 


While LETS Study Leysin is an altitude transect and is thus not universally 
applicable, the teachers who invented it hope that the concept of transects 
will be picked up by other schools and adapted to their local environments. 
Transects are well established in ecological research and are thus a good 
concept to teach students. Even more important is the concept of long- 
term research, which is especially vital in climate studies. If schools can 
establish long-term observations of their local environment and collect the 
data, they can simultaneously teach basic biology and contribute to the 
advancement of scientific knowledge. 
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20 design claims for educational citizen science at school 


Based on the literature and our experience in the LETS project, we would 
like to suggest some 20 design claims, which are organised into five cat- 
egories: curriculum, resources, official support, teacher training and net- 
working, and community. These design claims may orient overall project 
designs (in the broad sense of designing the tasks and the pedagogy of 
the project, but also its human, social and technical context). 


1. Curriculum 
1.1. Tie project tasks to the curriculum, even at the textbook level. 
1.2. Create adaptable lesson plans and support teachers creating 
their own lesson plans. 
1.3. Design assessment tools that match local standards. 
1.4. Scaffolding: offer levels of advancement, both within pro- 
jects and between projects. 


2. Resources 
2.1. Plan resources for the teachers to support the extra effort 
required to engage in citizen science. 
2.2. Create and moderate a system for peer-to-peer sharing, dis- 
cussing and learning. 
2.3. Provide flexible tools to create citizen science projects. 
2.4. Provide technical support from experts. 


3. Official support (support from school administration and 

education departments) 

3.1. Integrate citizen science into the school philosophy and recog- 
nise citizen science as an educational tool in the school policy. 

3.2. Support citizen science training as professional development. 

3.3. Encourage flexibility at higher levels, including administra- 
tion, education boards and curriculum developers. 

3.4. Provide official recognition for innovative pedagogy in science 
education. 


4. Teacher training and networking 
4.1. Provide hands-on interactive training. 
4.2. Develop sources of fresh ideas for teachers who want to try 
something new each year. 
4.4. Develop library of how-to videos for using citizen science in 
schools. 
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4.5. Encourage peer-to-peer sharing, provide a user-friendly plat- 
form for the teachers to connect with each other, share experi- 
ences, get feedback and cooperatively develop lesson plans. 

4.6. Develop a platform for teachers to connect with scientists who 
support school projects. 


5. Community (connection with local community) 
5.1. Team up with museums and cultivate them as key allies. 
5.2. Develop public spaces (such as elegant websites) for present- 
ing school projects. 
5.3. Build in opportunities for parental involvement. 


A process to launch a first citizen science project at school 


One of the great wonders of citizen science in schools is that there are so 
many possible directions to take. Ironically, this cornucopia of choice can 
be daunting for a teacher. How to choose the right project for one class or 
school? How to launch a first citizen science project in a specific school 
context? Based on the literature and experience, we suggest the follow- 
ing 10-step roadmap to help schools launch their own citizen science 
programmes. 


Conclusion 


Citizen science engages school students in many of the same ways that it 
is known to engage adults. Although literature on citizen science and 
schools is still emerging, there are some rich experiences to draw on. This 
chapter shows that such engagement adds significant value to formal 
education. 

One challenge lies in merging the scientific value of projects with 
their educational value and, when necessary, prioritising goals. The Ten 
Principles of Citizen Science puts a strong emphasis on the scientific value 
of projects, including making the data publicly available. Science teach- 
ers, by contrast, have a clear professional priority to fulfil their educational 
mandate and have neither the tradition nor external motivation to achieve 
meaningful (e.g., accurate) data, nor to share their data outside the class- 
room. Without shared meaningful data, the projects have no direct scien- 
tific value. Thus, for citizen science to achieve its potential within formal 
education, it will need significant teamwork between practising scientists 
and practising educators. Such teamwork that benefits both professional 
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Box 28.1. 10 steps roadmap for launching a citizen science 
programme at school 


. Listen to your stakeholders. What questions excite the teach- 


ers and students? What are the talents of the people around 
you? Do you know any local scientists to discuss this with? 


. Consider your environment. What is available locally that 


you could research? 


. Hatch an idea. Think of engaging research topics. Are there 


any environmental or social hooks you can bring to your pro- 
ject? (e.g., water quality, garbage, air pollution, biodiversity 
changes, habitat conservation and so on.) 


. Build institutional support. Present the idea to administra- 


tion departments and other stakeholders. Be sure to under- 
stand the details well enough to respond to concerns. 


. Cultivate connections to the scientific community. Universi- 


ties, museums, science centres and other community groups 
often include community education in their missions. Use 
these human resources whenever possible — they add mean- 
ing to the project and help with student engagement. Ideally 
get them involved in steps 1-3. 


. Use good pedagogy. Be sure to tie your project to your cur- 


riculum. The project must support student learning at their 
level. Consider safety and privacy issues. 


. Follow the Ten Principles of Citizen Science as best you can, 


but recognise that your bottom line as a teacher is to educate, 
which loosely falls under number 9, ‘participant experience 
and wider societal or policy impact’. 


. Launch your project. Expect something to go wrong. 
. Ask for feedback and adapt accordingly. 
10. 


Think long term. The first time you try a new project might 
not yield great science, but student learning is at least as val- 
uable as the data you gather. If you are doing worthwhile 
research, repeat it year after year, improving the results over 
time and gradually building a long-term study that offers real 
value to science as well as to education. 
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and citizen scientists (‘citizens’ in this context being students and teach- 
ers) is in fact one of the Ten Principles in its own right. 

Another challenge is working within the difficult constraints faced 
by teachers, including time, training and curriculum. These challenges can 
be overcome by motivated educators with the help of developing technol- 
ogies (apps, knowledge-sharing platforms) and a support structure built 
around integration of citizen science into the curriculum that includes a 
recognition of its value for young citizens and for science. 
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Highlights 


Historically, natural history museums (NHMs) have a long history 
of collaboration with the amateur-expert naturalist community. A 
tradition of two-way knowledge sharing that continues today. 
Over time, NHMs have renewed their functions within society and 
assumed a relevance not only for the conservation of collections, 
but also for engaging society in the generation of new scientific 
awareness and understanding of the natural world. 

Natural history museums now deliver a wide range of field-based 
and online citizen science projects and play a central role in sup- 
porting the development of citizen science and citizen scientists. 
Natural history museums have also taken a central role in estab- 
lishing the European Citizen Science Association (ECSA) and are 
well-placed to both promote the field of citizen science and support 
capacity building within critical subject areas such as taxonomy. 
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Introduction 


The study of nature and the environment by amateur natural historians 
pre-dates both the professionalisation of science and modern definitions 
of the term ‘citizen science’ (e.g., Silvertown 2009; Bonney et al., ‘Public 
Participation’, 2009). In some parts of Europe, volunteer-led gathering of 
observations of wildlife (‘biological records’) and specimens has a long 
and illustrious history and this continues today (Silvertown 2009; Roy 
et al. 2012; Pocock et al. 2015; and see also Mahr et al. in this volume). 
A significant level of taxonomic expertise is contained within this com- 
munity: a recent study demonstrated that over 60 per cent of the 770 new 
species discovered on average each year in Europe since the 1950s are 
described by non-professional taxonomists (Fontaine et al. 2012). 

Since their establishment, NHMs have worked closely with these 
amateur-expert communities, with many NHMs being founded — and their 
scientific collections subsequently developed and maintained — with the 
invaluable support of enthusiastic, highly skilled amateur naturalists. Sim- 
ilarly, long before citizen science became the widely publicised concept 
of today, NHMs, other academic organisations and amateur naturalists 
worked together to build understanding of the breadth and dynamics of 
a country or region’s biodiversity (see Miller-Rushing, Primack & Bonney 
2012). One of the earliest examples of such collaboration is the Christmas 
Bird Count: initiated in 1900 by the American Museum of Natural History 
ornithologist Frank Chapman, this project has subsequently developed 
into the longest-running active citizen science project (National Audubon 
Society 2017). Since the initiation of this formative project, NHMs and 
amateur naturalists have collaborated on diverse programmes, from 
co-ordinating national bird ringing initiatives to the production of national 
species distribution atlases. This long history of amateur-professional col- 
laboration through the spontaneous evolution of sound partnerships 
continues today. 

Over the past two decades, however, NHM-led citizen science pro- 
grammes have undergone a rapid and marked increase in both number 
and diversity, with a wide range of project types and collaborations being 
developed alongside these more traditional activities. In part, this change 
mirrors the wider expansion of the global field of technology-mediated 
citizen science (e.g., Roy et al. 2012; Pocock et al. 2017; Novak et al. in 
this volume). Critically, though, it also reflects the two synergistic and 
shared goals of museums and citizen science: the generation of new sci- 
entific understanding and education (Ballard et al. 2017). 
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Many NHMs have recently undertaken the ongoing, and in some 
cases quite profound, transformation of the organisation of their core 
functions and the ways in which they interact with visitors and local com- 
munities. Alongside their traditional roles of conserving and providing 
access to specimen collections, NHMs are increasingly looking to actively 
engage members of the public in projects that seek to build understanding 
of the natural world. They have expanded and diversified their public- 
facing work to encompass the development of new educational approaches 
and tools that seek to engage broad sectors of society with the science of 
natural history. 

This increased emphasis on societal engagement reflects two key 
factors: 


1. Museums - and national museums in particular — are increasingly 
driven by the need to maximise their public value and impact across 
society and over large geographic areas. This includes reaching and 
engaging non-traditional audiences and people that cannot physi- 
cally visit the museum itself (e.g., Robinson et al. 2016). 

2. Growing recognition of the importance of actively engaging wider 
society with the key biodiversity challenges of our time, from under- 
standing the impact of environmental change, to building awareness 
and knowledge of the critical role that nature plays within society, 
and developing effective conservation practices. 


Citizen science is a central approach through which many NHMs are 
seeking to tackle these challenges. As a methodology, it is an effective way 
to combine the scientific and educational remits and expertise of museums. 
It makes full use of their wide audience reach and trust (Ballard et al. 2017) 
by directly involving people with museum collections and cutting-edge 
research on key socio-scientific challenges. 

This chapter illustrates how European NHMs are seeking to support 
the development of citizen science and citizen scientists as well as some 
of the key forms of NHM-delivered citizen science. It concludes by sum- 
marising factors influencing the success of citizen science in a museum 
environment, the challenges and next steps. 

The following sections outline four of the most common ways NHMs 
are actively contributing to the field of citizen science. 
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Supporting the development of 
amateur-expert naturalists 


Citizen science includes a broad range of potential participants, from 
untrained members of the public with limited subject knowledge, to prac- 
titioners whose expertise is equivalent to that of professional research- 
ers. Whilst NHMs often look to support this spectrum, there is often 
emphasis on supporting amateur-expert naturalists and taxonomists to 
develop and share their faunistic and floristic knowledge, such as identi- 
fication and field skills. These areas are otherwise facing a profound skills 
crisis (Cutler & Temple 2010; e.g., Boxshall & Self 2011) at a time when 
the demand for the biological monitoring and conservation assessment 
of habitats and species is increasing (Collen et al. 2013; Owen & Parker 
in this volume). 

Museums directly support amateur-expert citizen scientists in 
diverse ways, from providing access to resources such as reference speci- 
men collections, libraries, meeting rooms and technical equipment; to 
archiving personal specimens, herbaria and book collections; to direct sci- 
entific support, training and mentoring in species identification, field 
survey and research methods. Creating opportunities for amateur and pro- 
fessional naturalists to interact and share their skills is key to these activ- 
ities, to mutual benefit. 

Non-governmental organisations (NGOs), such as regional natural 
history associations, are common in many European countries but many 
face recruitment problems, arguably because school biology classes — and 
increasingly universities — rarely include teaching units on species identi- 
fication or local biodiversity. Young scholars have few opportunities to 
experience the joy of discovering biological phenomena or interesting 
organisms in nature, and schoolteachers rarely receive training in faunis- 
tic and floristic studies. The demography of many natural history socie- 
ties is ageing as a result (e.g., Hindson & Carter 2009). In more specialist 
societies (e.g., entomological groups) in Germany, the majority of mem- 
bers are often older than 50 years of age and male. Programmes are there- 
fore needed to train the next generation of naturalists and diversify this 
demographic. In the UK context, NHM London’s Identification Trainers for 
the Future programme (www.nhm.ac.uk/take-part) is one such project. 

Natural history museums can help to develop an out-of-school/ 
university curriculum for interested scholars. They can provide space, 
books and microscopes, while NGOs contribute experts for taxonomy and 
environmental assessments where this expertise is not available in-house. 
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In Bonn, the Zoological Research Museum Alexander Koenig (ZFMK, a 
member of the Leibniz Association) runs a series of junior research clubs. 
There are four age classes for young people aged between 8 and 18, who 
work in the museum at weekends. Initially they (playfully) learn the dif- 
ference between animal groups (e.g., reptiles, amphibians, insects) and 
take environmental samples (e.g., in creeks and lakes). The older age 
groups work on comparative morphology and taxonomic tasks. As well as 
imparting biological knowledge, this direct experience of taxonomy and 
fieldwork can help to demonstrate the relevance of natural history as a 
pastime and career (www.zfmk.de/en/research/education). 


Hosting biological recording schemes and 
developing species monitoring projects 


A key issue for launching biological recording schemes — long-term spe- 
cies observation and recording initiatives — is ensuring that they are finan- 
cially and practically supported over a substantial period of time by key 
stakeholders. In the UK and Germany, many of these schemes are entirely 
run by volunteers or NGOs, who lead on identification training and data 
collection, collation and verification. Data storage and analysis support is 
often provided by the national biological records centre (e.g., Pocock et al. 
2015). In France (where national NGOs were not available to manage 
national monitoring initiatives), the Muséum National d’Histoire Naturelle 
Paris (MNHN) started to support national recording schemes as a signifi- 
cant component of its citizen science programme, playing a lead role under 
its obligations to the joint authorities of the Ministry of Research and the 
Ministry of Environment. Monitoring started with birds, as the museum 
holds the French bird ringing scheme. In 1989, the MNHN launched a 
national Breeding Bird Survey (BBS) based on point counts, and a con- 
stant effort site-based, capture-mark-recapture study led by amateur ring- 
ers (Julliard, Jiguet & Couvet 2004). 

In Paris this model was subsequently adapted to encourage a less 
experienced audience and incorporate public surveys of garden butter- 
flies, snails, bumblebees and birds (see also Peltola & Arpin in this volume 
on an identification project with city gardeners in Grenoble). SpiPoll, a 
photographic survey of flower-dwelling insects, and a survey of wild 
plants in city streets were also introduced in 2010 and 2011, respectively. 
All of these schemes are co-ordinated by the same scientific team based 
at the museum, but each also relies on a specific NGO partner to play a 
key role in supporting participants. 
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As well as gathering scientific data, these schemes provide learning 
opportunities for participants. Within the SpiPoll project, participants’ 
identification accuracy was found to significantly increase over time, 
with web tools supporting learning about the key identification features 
of invertebrates (Julliard 2015, pers. Comm.). There were 1,300 partici- 
pants, of which only 43 per cent declared ‘to know about insects prior to 
commit in this program’, and a recent study has shown that identification 
accuracy rates increase with experience (Elise Elwood, pers. comm.). 
Photographs of 630 insect taxa, identified by participants and checked 
by experts, started with a poor success rate of 50 per cent but subse- 
quently increased by 7 per cent for every 10 identifications a participant 
made. 

The NHM London has also developed a wide range of mass partici- 
pation biodiversity monitoring surveys, which have collectively engaged 
over 64,500 people since 1996 (Ballard et al. 2017). Between 2009 and 
2014 NHM London was a key partner in the highly successful OPAL pro- 
gramme, which launched seven national citizen science surveys and held 
a number of BioBlitz events across the UK (see also Makuch & Aczel in 
this volume). A BioBlitz is a public-facing event that aims to discover as 
many species of living organisms as possible, within a set location over a 
defined time period, usually 24 hours. The national surveys studied a 
range of taxa including earthworms, lichens and invertebrates as bio- 
indicators of environmental condition. Surveys were developed in col- 
laboration with 13 OPAL partner organisations and a range of supporting 
organisations, including voluntary natural history societies, research 
institutes and government agencies. OPAL is funded by the UK National 
Lottery and in line with funder priorities has a strong focus on engage- 
ment and participation, especially with traditionally less-engaged audi- 
ences (Davies et al. 2013). 

Data from many of the national surveys have been published in peer- 
reviewed journals indicating the wider research contribution of this kind 
of citizen science data (Fowler et al. 2013; Seed et al. 2013; Bone et al. 
2014; Bates et al. 2015). OPAL also introduced many new people to the 
process and value of biological recording, in particular through online 
resources and data entry, and a country-wide network of community sci- 
entists who delivered training and events, and supported new participants 
(Davies et al. 2013; Barber et al. 2016; Davies et al. 2016). As a trusted 
voice of authority, nationally recognised brand and much-loved institu- 
tion, NHM London played a key role in OPAL as the public face of the pro- 
ject, leading on media and publicity, public events and exhibitions, and 
taxonomy. 
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A key outcome of the OPAL project was open source software 
designed to enable naturalists to create their own biological recording 
website (Indicia 2016). Inspired by the OPAL model, this software was 
subsequently used by the Maremma NHM (Grosseto, Italy) to set up a 
recording website for public surveys (www.naturaesocialmapping.it). The 
platform is used to collect fauna and flora sightings, as well as to develop 
national species inventories. A leading example is the national survey of 
the crested porcupine (Hystrix cristata), a large rodent currently expand- 
ing its range in Italy. The national survey collected public sightings to 
reconfirm the presence of the species within its historical range and to map 
newly colonised territories. Contributors included wildlife enthusiasts, 
first-time citizen scientists and wildlife professionals. Most sightings were 
accompanied by pictures of road-killed animals, quills, faeces or tracks. 
Given its peculiar body structure and distinct tracks and signs, the crested 
porcupine is easily recognisable and almost impossible to misidentify. Nev- 
ertheless, data are verified by project experts before being added to the 
main database. The data has allowed the creation of the first live map of 
the species, educating people about native and non-native species (Mori, 
Sforzi & Di Febbraro 2013). Feedback to participants also includes access 
to a private area of the website containing the lists and pictures of all the 
sightings and a personal, automatically updated map. There are plans to 
engage repeat participants by communicating the importance of regular 
monitoring. 

A key example from Germany is the German Barcode of Life Project 
(GBOL) (www.bolgermany.de), which co-ordinates an inventory of all 
species in the country to develop genetic markers (DNA barcodes) for 
rapid, automated species identification from environmental samples. 
The programme is financed by the Federal Ministry for Research and 
Education and supports 300 voluntary experts. Contributors help to col- 
lect and identify a wide range of taxa for barcoding, from spiders and 
insects, to fungi, diatoms and flowering plants. These samples are sent to 
participating NHMs where DNA samples are extracted and sequenced, 
and associated voucher specimens (any specimen that serves as a basis of 
study and is retained as a reference) stored. Sequence data are made 
available via free and easily accessible databases (BOLD, GBOL: Geiger 
et al. 2016) and the contribution of all partners is shown on the project 
website. Citizen scientists can access training on how to evaluate sequence 
data and receive a small expenses allowance for providing specimens 
(figure 29.1). 
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Fig. 29.1 Flow chart showing the structure of the German Barcode 
of Life 


Museum-led BioBlitzes 


BioBlitz events provide the opportunity for professional scientists, ama- 
teur naturalists and local communities to explore and learn together (see 
also Gold & Ochu in this volume on citizen science events). They raise 
awareness of biodiversity and the importance of biological recording, 
while generating a biodiversity ‘snapshot’ inventory for a given site (see 
Robinson et al. 2013). 

MNHM has organised several 24-hour BioBlitzes (Sforzi 2017), each 
located within a Natura 2000 site - a European network of core breeding 
and resting sites for rare and threatened species and natural habitat types. 
The choice of sites facilitates promotion of the Natura 2000 network 
among local people while contributing to the gathering of knowledge for 
the implementation of EU Bird and Habitats Directives’ reports. On aver- 
age, 30 different wildlife surveys were carried out in each BioBlitz, with 
more than 1,200 participants contributing over the last five years. This 
level of participation is encouraging, especially considering the geographic 
position and low population density of the survey areas (Southern Tus- 
cany, Italy). Final species lists ranged from 450-700 terrestrial, freshwater 
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and in some cases marine species. Rare native and invasive alien species 
were also recorded to address specific conservation issues and reports syn- 
thesising the main outputs were distributed to all participants (Sforzi 
et al. 2013) (figure 29.2). 

Many other NHMs have focused on BioBlitzes as a way of doing citi- 
zen science. For example, NHM London has led or convened events that 
have attracted between 500 and 8,000 members of the public and helped 
to develop understanding of UK biodiversity, as well as supporting site 
management practices (see Ballard et al. 2017). In Germany, BioBlitzes 
are typically organised in co-operation with the journal GEO. In 2014, the 
MfN Berlin, with citizen science partners ORION and naturgucker.de, 
organised a BioBlitz in the president’s garden and presented the results 
during a large public event. As well as generating biodiversity data, the 
event aimed to raise awareness of urban biodiversity. This is a common 
theme across NHM citizen science activities, reflecting the urban location 
of museums and their visitors. 


Digital technology-mediated citizen science 


Digital technologies are increasingly enhancing both citizen scientists’ 
experiences and research leaders’ ability to access and process collected 
data. In the context of NHMs, digital participation is a highly scalable 
approach that can extend project reach and engagement nationally and 
internationally (Robinson et al. 2016). The extraction of data from speci- 
men archives is a key area where this is being applied (see www.idigbio 
.org). Natural history museums house vast collections on the world’s bio- 
diversity and geodiversity, with biological material collected across more 
than three centuries. The majority of specimens are accompanied by a 
written or typed label detailing the species name, its collection location 
and date; a treasure trove of information with the potential to enhance 
scientific understanding of species range dynamics, population genom- 
ics and responses to environmental change (e.g., Johnson et al. 2011; Bi 
et al. 2013; Willis et al. 2017). 

The digitisation of this specimen data — which is often handwritten — 
cannot yet be fully automated and specimens held across institutions 
cannot be easily accessed or searched. National history museums across 
Europe and the rest of the world are initiating mass digitisation pro- 
grammes to image and catalogue their collections, and make the informa- 
tion freely available and searchable for researchers and the public. MNHN 
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Paris’ project, Les Herbonauts, and NHM London’s involvement in pro- 
jects, including Notes from Nature and Herbaria@Home, demonstrate 
that involving the public in transcribing information from specimen labels 
and registers into digital databases can be highly successful, but not with- 
out its challenges. For example, nineteenth-century handwriting can be 
extremely difficult to interpret, particularly when it comes to unfamiliar 
place and species names. 

Previous activity of this sort was undertaken on site by museum vol- 
unteers and required computers, desk space and supervisor time. Online 
crowdsourcing is a relatively new activity, enabled by widespread access 
to technologies and fast download speeds for accessing high-quality 
images. Undertaking crowdsourcing on a mass scale moves museums into 
anew sphere of interacting with online, geographically dispersed digital 
citizen scientists. NHM London is currently exploring how lessons learned 
from traditional citizen science activities can be applied to this online envi- 
ronment, how participant motivations and online engagements differ (or 
are similar to) those of outdoor citizen science projects, and how the 
benefits gained by volunteers working alongside curators on site may 
be transferred to the geographically distributed model of crowdsourcing. 
The Orchid Observers project is one route through which these questions 
are being investigated (figure 29.3). 

The digital revolution is also influencing how field-based NHM citi- 
zen science projects are being delivered. Improved access to the internet 
and availability of mobile phones with built-in cameras and GPS receiv- 
ers is rapidly expanding the digital element of many pre-existing or ‘tra- 
ditional’ recording activities (see also Mazumdar et al. in this volume). 
For example, MNHN Paris’ SpiPoll project asks participants to photograph 
every different kind of invertebrate visiting the flowers of a chosen plant 
for 20 minutes. The participant then selects one photo per ‘morphospe- 
cies’ and uploads it to the website. An online-identification tool based on 
a learning neural network then compares the image with a database that 
currently contains data on 630 species, and estimates the probability of a 
correct identification. Together with a photo of the plant and its immedi- 
ate surroundings, this list of photographs makes a ‘collection’ which is 
then shared with other participants for validation. Over six years, 1,500 
participants have contributed 27,000 collections and an incredible 
270,000 pictures; a significant volume of scientific data that could not 
have been gathered by other means. 

The OPAL Bugs Count app, developed by NHM London as part of the 
OPAL programme, enables participants to photograph the target species 
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Fig. 29.3 The Orchid Observers project at NHM London combines the 
online transcription of historical specimen data with contemporary 


biological recording. It investigates how the UK’s flora is responding to 
climate change by building a 200-year record of flowering times for 

29 species of UK orchid. Over 1,900 people have participated, extracting 
scientific data from 3,700 specimens and generating 1,700 new field 
observations. The project is a collaboration with Zooniverse and the 
University of Oxford. (Source: Orchid specimen — Natural Museum [NHM] 
London. Screenshots of Orchid Observers website - NHM/Zooniverse) 


of invertebrate and immediately submit a georeferenced photograph to 
the survey team for verification. The latter step streamlines data upload 
and enables data quality to be managed. Significantly more photographs 
were submitted via the app than through the project website (Robinson 
2015, pers. comm.), reflecting the ease of use and growing familiarity 
with app-based systems. MfN Berlin is currently developing an app plat- 
form called Anymals, which can be adapted to any taxonomic group or 
research question. Data from the app can be automatically made available 
via the Global Biodiversity Information Facility (GBIF), to the benefit of 
global research and conservation communities (see also Ballard, Phillips & 
Robinson in this volume for more on the GBIF). 
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Discussion 


This chapter has described some of the principle ways through which 
NHMs are actively employing citizen science to meet their joint educa- 
tional and scientific research goals. Alongside more traditional mecha- 
nisms of support for amateur-expert naturalists, the benefits of involving 
large numbers of members of the public (who may have had no prior 
subject experience) in gathering and curating species observations and 
extracting data from historical specimens is increasingly recognised (e.g., 
Ballard et al. 2017). In the context of NHMs, citizen science can be thought 
of as a disruptive approach that is actively shaping how museum-based 
biodiversity research and engagement are being delivered. This final sec- 
tion summarises some key conclusions relating to the application and 
future potential of citizen science, through the lens of European NHMs. 


Factors that influence the role and success of citizen 
science within NHMs 


National history museum missions generally span collections develop- 
ment and access, advancing scientific knowledge about the natural world, 
and inspiring and educating the wider public about the wonder, diversity 
and importance of nature. A key reason for ongoing investment in citizen 
science by major NHMs is because it can simultaneously deliver each of 
these core, mission-related priorities. This has been critical in securing 
the necessary resourcing from scientific and public-facing teams. NHMs are 
also particularly well-placed to deliver and facilitate citizen science, due 
to their long experience in science communication and collaboration 
with amateur-expert naturalists, and their combination of scientific, 
education and engagement expertise. Other relevant factors are institu- 
tional longevity, public profile, reach and trust, all of which aid project 
publicity and uptake (see also Richter et al. in this volume). 

A number of published resources review and outline best practice 
steps delivering citizen science projects based on the success of individ- 
ual projects (e.g., Roy et al. 2012; Tweddle et al. 2012; Pocock et al. 2014b, 
Robinson et al. in this volume). Collectively, these highlight that citizen 
science is most effective when a) there is clear benefit for both research- 
ers and citizen scientists; b) the project aims are clearly stated from the 
outset; c) researchers have (or can benefit from colleagues who have) 
experience in public engagement and outreach; d) evaluation is built in 
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and used to improve the programme over time; e) citizen scientists are val- 
ued and adequately supported; f) the quality of the scientific data gener- 
ated is measurable; and g) the project is appropriately resourced. In 
addition, Devictor, Whittaker and Beltrame (2010) advised that projects 
should manage their resources sustainably to ensure that data are ade- 
quately stored, analysed and published. The most successful NHM-led 
projects take all of the above elements into account. However, this has 
clear resource implications and is not always fully achievable. Working 
effectively across the institution can be a particular challenge, as museum 
departments often manage time and resources in different ways. 

Finally, as respected and politically neutral institutions, museums 
are particularly well-placed to act as platforms and conveners for citizen 
science co-ordination, exhibitions, discussion and debate. Indeed, this 
type of activity directly helps museums to demonstrate their societal rel- 
evance and value (see Wyler & Haklay on the university context too). 
Citizen science requires institutional support, such as trained project 
personnel and an investment of researchers’ time and resources (Nova- 
cek 2008; Richter et al. in this volume). NHMs are favourably placed 
to provide such support at the science-society interface. Germany is 
an excellent example of how this is being implemented as the Federal 
Ministry for Education and Science supports a consortium of research 
institutions, including the MfN Berlin, to hold workshops, develop guide- 
lines and develop a strategy (Bonn et al. 2016) for citizen science 
within Germany. This has been achieved through a broad consultative 
process and investment in supporting networking between initiatives, for 
example, via the web page (www.buergerschaffenwissen.de) and events. 
In the UK, the Angela Marmont Centre for UK Biodiversity at NHM Lon- 
don is a free resource centre where amateur naturalists can develop their 
skills and acts as a hub for citizen science. A core strand of their citizen 
science programme is dedicated to supporting other citizen science 
practitioners. 


Challenges 


In keeping with other organisations, securing sufficient resources to estab- 
lish and maintain projects is not always straightforward. Resources (e.g., 
staff time) for community management to deliver project evaluation 
is often most affected. In keeping with the field of citizen science as a 
whole (e.g., Pandya 2012), significant work remains to develop truly 
inclusive NHM-led projects (see for example Haklay; Smallman, both in 
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this volume). The broad visitor demographic of many NHMs indicates 
that they can play an integral part in tackling this critical challenge 
(Ballard et al. 2017) but if citizen science is to become a truly accessible 
field of practice, sustained work is required in this area and that of open 
data (e.g., Groom, Weatherdon & Geijzendorffer 2017). 

Arguably the most pressing concern in the specific context of NHMs, 
however, is the decline in numbers of both amateur and professional tax- 
onomists. Volunteer biodiversity recording has also declined and a new 
generation of enthusiasts needs to be recruited (Hopkins & Freckleton 
2002). In Germany, Frobel and Schlumprecht (2016) document a 21 per 
cent reduction in the number of taxonomists over the past 20 years, with 
only 7.6 per cent of experts being younger than 30. This is especially prob- 
lematic for nature conservation. It has been argued that specialist ama- 
teurs are declining, while more generalist volunteers and environmental 
enthusiasts are on the rise (Lawrence 2010). More recently, other authors 
have warned about the decline, death or ‘impending extinction’ of natu- 
ral history as both an academic subject and amateur activity (Tewksbury 
et al. 2014). Should this be confirmed, it would be a source of great con- 
cern, not least as the need for biodiversity knowledge is increasing (Day- 
ton 2003). An adequately trained group of amateur and professional 
taxonomists is central to knowledge of the world’s biodiversity and how 
it is responding to pressing environmental changes (e.g., Davies et al. 
2016). Increasingly, citizen science shows the supporting role that can be 
played by people of all ages, backgrounds and subject knowledge. How- 
ever, continued support is needed for the development of individuals and 
communities with high levels of taxonomic knowledge and the motivation 
to observe and document changes within nature over long timescales. 
National history museums, universities, academic researchers and NGOs 
can cooperate to fill this gap, developing solutions especially designed for 
particular demographics such as youth audiences (see also Harlin et al.; 
Wyler & Haklay, both in this volume). 


The future of NHM citizen science 


The examples described above demonstrate how museums are continuing 
to support traditional citizen science activities such as biological record- 
ing, while embracing new approaches and technology developments 
that were unimaginable a few decades ago. Collections-based projects 
will remain a central area for innovation, as will the development of ever- 
more engaging citizen science gallery-based displays and interventions. 
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More broadly, NHMs are ideally placed to continue to lead by example, 
delivering projects with strong outcomes for both science research and 
environmental education and showcasing the work of other practitioners. 

This role is likely to continue, including through the sharing of 
knowledge and experiences between citizen science practitioners via 
practitioner-based associations. In recent years, NHMs have taken a cen- 
tral role in establishing the ECSA, a network of people and institutions 
(research institutes, universities, museums and civil society organisations) 
aimed at sharing best practice, building capacity for citizen science across 
Europe and advocating for it as a participatory research methodology with 
relevance to both researchers and decision-makers. European NHMs have 
been involved in the development of ECSA from the inception of the idea 
to its incorporation as an NGO and charity, now co-ordinated by its head- 
quarters at MfN Berlin. All NHMs that contributed to this chapter are key 
organisations in the association. The European Citizen Science Associa- 
tion aims to establish closer links between museums, other research 
institutes, civil society organisations and citizen groups. Strategic asso- 
ciations like ECSA help to mainstream environmental citizen science as 
an approach for gathering data to improve environmental policy, as well 
as to monitor compliance with existing regulation, thus increasing oppor- 
tunities for participatory environmental governance. 
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Highlights 


e There has been a paradigm change from a one-way transfer of sci- 
ence information to a paradigm of exchange that demands adequate 
science communication. 

e Communication in citizen science projects is key to motivating and 
retaining participants and exchanging information. 

e Stories can play an important role in translating the abstract and 
logic scientific discourse into a concrete, emotion-related narrative 
of societal relevance. 

e Communication and media coverage improves the chance of scien- 
tific expertise and knowledge influencing policy-making. 

e Innovative collaboration between science and the media can bene- 
fit both partners — attracting participants to citizen science projects 
and generating media stories. 
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e Storytelling and visualisation are powerful communication tools, 
affecting the brain and emotions more effectively than words. 


Introduction 


Societies are facing global environmental and social challenges, such as 
the loss of biodiversity, environmental damages and climate change 
(Owen & Parker; Ballard, Phillips & Robinson, both in this volume). Simul- 
taneously, social transformations mean that global society is connected 
in new ways (Novak et al. in this volume). Facing a world of uncertainties 
and threats, people need to redefine their way of life and ways of living 
together in society and with nature. 

At the same time, people also dispose of knowledge and scientific 
evidence in new ways (see Mahr et al. in this volume). Global human 
knowledge currently increases at high speed, but this is not solving the 
various environmental and societal challenges. Millions of scientific papers 
are published every year without leading to a significant change in behav- 
iour. Scientific knowledge is needed to make sound political decisions 
and enable meaningful conversations, but there is a lack of communica- 
tion from the scientific community to wider society (Shirk & Bonney; 
Nascimento et al., both in this volume). Innovative methods are needed 
to bridge the gap from science to society and policy, generating changes 
in everyday lives and behaviour (Smallman in this volume). 

The communication of science to diverse audiences and the engage- 
ment of scientists with all parts of society, including policymakers, are key 
factors in this process. Studies have shown that scientists communicating 
outside of the scientific community, for example, with the media, have a 
higher chance of being noticed and taken seriously by society and policy- 
makers (Peters et al. 2008). Research is legitimised when the perception 
of its social relevance is reinforced, making it more likely to be used in 
the policy-making process. The media — as part of the process of science 
communication — influences policy agendas by communicating and 
discussing deliberately chosen topics. Media and news programmes are 
influential as they not only report problems, but also seek to analyse 
them and present possible solutions, thus turning into advocates for par- 
ticular policy solutions (Howlett & Ramesh 2009). The process of mak- 
ing news means that journalists and editors choose stories or issues that 
they consider important. This selection follows its own rules of interest 
and means that not all stories are told. 
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From a scientist’s point of view, communicating science to audiences 
is not enough. New forms of interaction between scientists and society are 
needed, going beyond the so-called ‘deficit model’ of science communi- 
cation (Snow 1974). The deficit model assumes that the wider public lacks 
knowledge, interest and the ability to think scientifically and process data 
(Bauer 2016). Still, these deficits could be overcome and the public edu- 
cated, gaining some scientific literacy through science communication 
(Snow 1974). The deficit model also assumes one-way communication, 
transmitting information and knowledge from science to the public. It is 
important to state that science and society are not two worlds apart with 
science being ‘elsewhere’, but rather that science is part of society’s cul- 
ture (Irwin 1995; Trench 2006; Schiele 2008). 

Citizen science can be part of the larger process of engaging people 
in new forms of interaction, challenging scientists and citizens whilst 
enlarging scientific knowledge and providing learning opportunities for 
all parties involved (Bonney et al. 2014; Bela et al. 2016; Peltola et al., all 
in this volume). These diverse interactions require innovative forms of 
multiway science communication. 

Stories can play an important role in bridging the discourses between 
science and society, and translate the abstract and logic scientific ration- 
ale into a concrete, emotion-related narrative for non-specialists that 
can easily be linked to existing knowledge and experience (Constant & 
Roberts 2017). This chapter discusses the innovative potential, limits 
and opportunities of science communication with a focus on storytell- 
ing through the framework of citizen science, illustrated with case studies 
and best practice examples. 


Changing paradigm in science communication 


A paradigm change (Kuhn 2012) can be observed in the field of science 
communication as basic scientific concepts and practices are challenged. 
In recent history, scientists were legitimised by creating and possessing 
knowledge and the public was deemed unable to understand scientific 
concepts, methods and findings (see Mahr et al. in this volume). However, 
there is now a shift from this simplistic understanding of one-way knowl- 
edge transfer, which is reflected in the change from a deficit paradigm 
to an engagement paradigm (Schiele 2008). The engagement paradigm 
understands science communication as also involving identity, democ- 
racy and scientific citizenship (Davies & Horst 2016). At the same time, 
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the reference frame is rapidly changing from passive to active knowl- 
edge, influencing science communication and the interaction of science 
and society. 

Engaging volunteers in research both requires and offers multiway 
communication between different actors in the scientific process. Actors 
in citizen science projects can be scientists, citizens, mediators or com- 
municators, and they take on different roles, such as research managers, 
information providers or data providers (see Haklay in this volume). To 
make this collaboration successful, there must be adequate communi- 
cation. The aim of communication in citizen science therefore goes 
beyond outreach and the one-way diffusion of information. Communi- 
cation can have multiple aims and must be considered and designed 
according to the project goals. Long-term citizen science projects need 
ongoing collaboration and, therefore, communication to inform, moti- 
vate and engage participants. Other projects might want to raise aware- 
ness of their project issue at a local level, introducing it to the policy 
agenda. They therefore need to address a different target group and use 
other methods of communication. Educational projects need to consider 
training tools and might need to communicate them to different age 
groups (see Harlin et al.; Makuch and Aczel; Wyler & Haklay, all in this 
volume). 

The border between science communication, understood as external 
communication from scientific actors to the public, and scholarly commu- 
nication, understood as communication between those involved in the 
scientific process (usually only the scientists), is becoming increasingly 
blurry as citizens are becoming part of the process in multiple ways. Issues 
of democracy, local empowerment and community identity should be 
included in the concept of citizen science communication, thus enlarging 
the framework of science communication (Smallman in this volume). 
Communication can develop into multiway exchanges driven by techni- 
cal tools but also by feedback possibilities. 

The success of communication in citizen science is more relevant 
than in conventional science because it might motivate people to get or 
stay involved (or not) and thus contribute to the project’s scientific suc- 
cess. More engaging formats of communication are needed to make these 
complex interactions possible. In addition to traditional channels such as 
broadcast media and newspapers, social media are gaining in importance, 
allowing science to reach its audience directly (Mazumdar et al. in this 
volume). 
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Science-media exchanges and co-operation 


Citizen science projects often attract media attention as they deal with 
topics of societal relevance and provide good stories; and citizen science 
projects profit from media presence for the recruitment of participants. 
Innovative collaborations between science and media can therefore ben- 
efit both partners (see box 30.1) with the potential of even changing the 
journalistic perspective on how to explore a good media story (box 30.2). 


Box 30.1. Foxes in Berlin: Science meets media for mutual benefit 


In 2015, the public broadcasting corporation rbb (Rundfunk Berlin- 
Brandenburg) started a media campaign on red foxes in the city 
of Berlin, Germany, designed to operate as the starting point for a 
citizen science project on the ecology of foxes run by the Leibniz 
Institute for Zoo and Wildlife Research (IZW). The topic ‘Foxes in 
Berlin’ was covered in numerous TV and radio shows, and audi- 
ences were asked to send in photographs, videos and narratives 
of fox encounters, which were published on a dedicated website. The 
response exceeded all expectations: More than 1,000 ‘fox watchers’ 
submitted contributions. The resulting publicity was used to kick- 
start a citizen science project asking volunteers to take over various 
tasks in the IZW’s research project on foxes. 


Fig. 30.1 A citizen photograph for the ‘Foxes in Berlin’ campaign. 
(Source: Margit Schröter) 


(continued) 
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The joint campaign benefited both partners. For the IZW, it 
provided access to a large audience and a valuable starting point for 
the recruitment of citizen scientists. For the rbb, the combination of 
scientific information and the ‘human dimension’ in the interesting 
and amusing stories people contributed generated excellent audi- 
ence ratings. 


Box 30.2. Media needs a novel approach 


I got interested in citizen science some time ago. We started by pro- 
ducing a broadcast of 30 minutes about citizen science and placed 
several features in the live programme of the Berlin-Brandenburg 
broadcast rbb. Then we started the foxes in the city programme 
with the Leibniz Institute for Zoo and Wildlife Research. We 
wanted to find out whether people were actually willing to par- 
ticipate continuously. Nowadays when planning a science feature, 
Ialways try to find a citizen science approach for the very research 
question, for example, for the Mars mission. In conventional 
media reporting we would tell the story from the scientist’s per- 
spective. But now I ask editors to go find citizen science approaches 
and participating citizens in the region to let them talk about it. 
That way we not only have a regional approach but also a level 
reaching our audience. With topics like the death of bees or 
soil quality, our colleagues already ask for the expertise of non- 
scientific experts. But when it comes to more complex and not eve- 
ryday life topics, we have not done this so far. So my main message 
from a media point of view is not only that science needs to better 
communicate. But we as media also need to redefine our premise. 
Ilona Marenbach, Rundfunk Berlin-Brandenburg (rbb) 


Working together with scientists and citizen scientists also led to 
self-reflection on the part of the media partner, who reconsidered their 
involvement in, and practices of getting, science stories (see box 30.2). 
Thus, communication may improve not only from the science side, but also 
from the media side. Instead of only including scientist perspectives, 
media may also try to actively involve citizen scientists. 
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Connecting policy and citizen engagement 


Members of society are likely to participate in citizen science projects when 
they address issues of relevance to their lives and experiences (see 
box 30.3). Policy, on the other hand, deals with concerns and problems of 
society that call for solutions. Collaboration between science, policy and 
society in citizen science can fulfil multiple needs for all actors (Shirk & 
Bonney in this volume) and produce meaningful results. 


Box 30.3. Cat Tracker: International citizen science project 
exploring the movement and management of cats 


Cats are one of the most popular pets worldwide, providing their 
owners with enjoyment and companionship, but they can also be a 
nuisance to neighbours and may have a negative impact on native 
wildlife. A citizen science project, Cat Tracker, was initiated to col- 
lect both environmental and social data exploring the relationship 
between cat management and cat behaviour. The project combines 
a social survey and GPS tracking to turn cat owners into research- 
ers. It aims to help better understand cats’ home range, how much 
time they spend in different kinds of habitat, and how owners can 
manage pet cats to reduce their impact on wildlife. This project was 
established in the United States and has expanded through collabo- 
rators to other countries. In New Zealand, information collected via 
the Cat Tracker project — from public attitudes towards the manage- 
ment of cats to distances travelled by individual felines — has been 
used to inform local government. The social survey of the New Zea- 
land public indicated a high level of support for mandatory micro- 
chipping of pet cats. In August 2016, the Wellington City Council 
voted to make microchipping of pet cats compulsory — a first in 
New Zealand. It is hoped that the public involvement in this pro- 
ject will encourage responsible pet ownership and improve the 
welfare of both domestic cats and native wildlife. 


Source: www.cattracker.nz 


(continued) 
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Fig. 30.2 Image A- A domestic cat wearing a GPS tracker on a 
harness as part of the Cat Tracker New Zealand citizen science 
project. Image B - an example of a cat’s movements over a 
one-week period. (Source: Heidy Kikillus) 
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Connecting and saving worlds 


Science communication can help to connect complex issues like climate 
change with the changes in nature that people can see in their own back- 
yards. Connecting complex issues with concepts that are familiar to 
people can result in lots of media attention — if communication is planned 
and managed in the right way (see box 30.4). Researchers in citizen sci- 
ence have a good chance of reaching larger audiences and communicate 
during the whole process. 

Communication plays an important role in citizen science projects 
that apply an oral history approach with the aim of safeguarding cultural 
heritage. In this approach, participants communicate and interview other 
participants about historical events, traditions or daily life. Oral history is 
a way of giving history back to people in their own words (Thompson 
2017). Involving members of society in this process and the subsequent 
research, leads to a citizen science project. Communication can thereby 
lead to social cohesion, connect generations, encourage the valuing of 
cultural heritage and create cultural resources, as case studies show (see 
box 30.5). 


Box 30.4. De Natuurkalender: New communication tools 
and technologies 


New communication tools and technologies allow individual sci- 
entists to more easily take the responsibility and initiative to com- 
municate to society at large or to specific stakeholders. Nature Today 
(De Natuurkalender) experienced this by letting experts write sto- 
ries on topical developments in nature in an understandable way 
and by actively informing journalists and interested people about 
these stories, generating mass outreach. This would not have been 
possible if the initiative of writing and publishing these stories had 
been the responsibility of communication officers alone. Citizen 
science projects are well suited to this type of frequent communi- 
cation as they often continuously produce interesting, newswor- 
thy data. The fact that already many volunteers are involved makes 
the topics even more attractive. Communication fulfils multiple 
objectives from which scientists and society/stakeholders benefit. 
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Box 30.5. Intergenerational dialogue as a research tool 
to save cultural heritage 


Cultural heritage in all its components is a valuable, if not vital, 
factor in the reorganisation of societies on the basis of dialogue 
between cultures, respect for identities and a feeling of belonging 
to a community of values. BreadTime (2015-2017) focuses on the 
cultural sustainability and the agricultural and manual practices 
of the cultivation and processing of grains and the production 
of bread in the rural region of Lesachtal, Austria. The goal of 
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Fig. 30.3 Enabling process conducting research through fieldwork 
on local knowledge and practice. (Source: Andrea Sieber) 
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the project is the analysis, protection and documentation of local 
knowledge and practice related to the immaterial cultural heritage 
of ‘Lesachtal bread’, which is part of the UNESCO Intangible Cul- 
tural Heritage list. How could this local intangible cultural herit- 
age be saved and transferred from one generation to the next? 
Citizens can participate in narrative dialogue groups as an open 
communicative space to collect and discuss local knowledge, or 
write down and send their experiences to the collection of bio- 
graphical records. Furthermore, students from secondary schools 
were instructed in the method of oral history and interviewed local 
elders about the traditional cultivation and its significance in their 
daily rural life. In this way, oral history interviews not only served 
as a tool of communication and mutual learning, but also as the 
empirical basis for several research outputs, such as a documentary 
of local narratives and local practices related to flax. Using this 
method of intergenerational communication could access and 
secure local narratives and traditional knowledge, and communi- 
cate interest and curiosity between the youngsters of the valley 
and elders of the community. This form of intergenerational oral 
history brings together people of different generations in a socially 
integrating way, with mutual interest and emotional bonds. As 
opposed to passive learning, oral history is very engaging and 
hands-on, not only collecting stories but also creating social bridges 
between generations. 


www.lesachtalerbrot.wordpress.com 


Storytelling and visualisation - tools touching 
the brain 


Science information needs to be translated and this can be done by using 
tools like storytelling and visualisation. Visuals reach human brains 
many times faster than words and connect information with emotions 
(see box 30.6). Interesting citizen science stories translating policy issues 
to the public tend to be viewed as more relevant and of higher impor- 
tance than those with a less developed narrative structure (Howlett & 
Ramesh 2009). 


STORIES CAN CHANGE THE WORLD 


455 


456 


Storytelling is a powerful tool: it affects the brain and emotions in 
different ways with different effects. Information is likely to be trans- 
formed into personal ideas and experiences in the brain if it is told as a 
story (Gerrig 1993). This process is called neural coupling, which is mir- 
rored by the same experience in listeners and the speaker (Stephens, 
Silbert & Hasson 2010). The neurotransmitter dopamine, released by 
the brain in emotionally charged events like an engaging story, helps peo- 
ple to remember and ensures that memories are relevant and accessible 


Box 30.6. Creating a landscape memory 


Can you still remember the landscape of your childhood? Land- 
scapes undergo change; they become ever more homogenous. Yet 
we are generally unaware of this process. Changing Landscapes is 
a citizen science pilot project to foster public interest in landscape 
research and to jointly create a collective memory of the land- 
scape. Citizens are asked to rummage through boxes of photos and 
family albums in order to find old snaps of landscapes. Then they 
go to the original location of the photo and, from the same per- 
spective, take a new photo of the landscape. Furthermore, partici- 
pants are encouraged to evaluate how they interpret the changes 
to the landscape, for example, positively or negatively, and which 
ecological effects they connect with these changes. From a scien- 
tific viewpoint, such as at the Leibniz Institute of Ecological Urban 
and Regional Development as well other partner institutes, the 
transformed landscapes are linked to data on biological diversity 
to investigate the relationship between changing landscapes and 
the impact on biological diversity. In some cases, landscapes are 
now used more intensively and the level of biodiversity is lower, 
but the opposite can also be found. In the study area of Saxon Swit- 
zerland we can say that ‘everyone’ is involved. Whether old or 
young, experienced photographers or absolute beginners, our pro- 
ject has managed to reach wide swathes of the public. In this way 
we can say that landscapes not only seem to be accessible to local 
people but also comprehensible, and indeed something tangible in 
their lives. 


www.landschaft-im-wandel.de 
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SCHONA — Kaiserkrone 


Fig. 30.4 How would you evaluate this landscape change? 
Matched landscape photos from citizen science pilot project, 
Changing Landscapes. (Sources: Postcard top, 1908 collection 
Walz; photo bottom, Walz 2014) 


for future adaptive behaviour, a concept called ‘adaptive memory’ (Sho- 
hamy & Adcock 2010). Many areas of the brain will also be activated by a 
good story (Barraza et al. 2015). All of this can happen if the story is 
about things that matter to people and stimulates listeners to care 
about the characters (see box 30.7). 
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Box 30.7. ‘Blossoms’ produced by the Flax project 


The Framework Convention on the Value of Cultural Heritage 
for Society (Council of Europe 2005) highlights the need for 
local communities, citizens and civil society to take ownership 
of heritage to bring it alive and make it meaningful. Awareness- 
raising, identification, upkeep, development and knowledge and 
skills transmission are therefore essential and should be based 
on dialogue between the wider population and professionals 
with a view to mutual enrichment. But how could cultural herit- 
age be conceived as a shared responsibility by citizens? And how 
could local knowledge be transmitted by contemporary media? 
‘Landscape and You-th — Tracing Flax’ (2012-2015) is an oral 
history research project that explored the relationship between 
local knowledge, landscape and regional identity based on the 
cultivation and manufacturing of the plant flax. Several media 
outputs and performances, including an app, documentary film 
and rap song, were generated by students as part of this creative 
project. The project should enhance landscape awareness and 
sustainable tourism in the region and offer added value for all 
stakeholders. 

The project runs in three steps: fieldwork on local knowledge 
(history re-enactment and oral history interviews), reflection and 
documentation of the results. In all steps, the residents of the rural 
region of Lesachtal, Austria, were the main researchers, accompa- 
nied by scientists from a university. The local young people decided 
which insights were important to show to the public and especially 
to tourists. 

Connecting older people and students through historical 
re-enactment and its transfer into media outputs are increasingly 
regarded as factors in promoting local understanding and identity. 


www.lesachtalerflachs.wordpress.com 
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Fig. 30.5 Participative project process steps. (Source: Andrea Sieber) 
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Clash of two worlds - challenges in citizen 
science communication 


One of the main challenges for science communication is bridging the 
values, expectations and needs of the research system, and the world of 
members of the public or policymakers (see box 30.8). Although anyone 
working in science is also part of the social system, being in a science role 
means living and acting within this system, which is defined by logics 
and aims that sometimes diverge from mainstream society (Weigold 
2001). Science communication is therefore not a passive and linear pro- 
cess, but is characterised by complex transformative processes with the 
potential to influence both scientific discourse and societal debates 
(Bucchi 2008). 


Box 30.8. City foxes - challenges in the co-operation between a 
research institute and a public broadcasting corporation 


The co-operation between the Leibniz Institute for Zoo and Wild- 
life Research (IZW) and the Rundfunk Berlin-Brandenburg (rbb), 
an overall success, was also a clash of two worlds, with significant 
divergence in the partners’ respective expectations and constraints. 
For the rbb, promoting a topic entails focusing on entertainment, 
storytelling and linking information with emotions. In contrast, 
the IZW’s top priority is scientific quality, with the accuracy of the 
disseminated information taking precedence over emotionality. 
The two partners also work on very different time scales. The media 
cannot tell the same story twice, but need to keep the audience 
interested by continuously providing new angles. Scientific research, 
on the other hand, is often slow, visually unimpressive and does not 
produce novel results daily, making the constant requirement for 
new stories a challenge. Despite such conflicts, both partners con- 
sider this an exciting and worthwhile experience. The main lesson 
is that it is vital to make assumptions and expectations explicit 
from the start when working with partners in different sectors. 


www.tbb-online.de/fuechse 
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Conclusions 


Public engagement in citizen science provides unique opportunities to 
bring people together, learn from each other through multiway dialogue 
and make change possible. Science communication can benefit from these 
opportunities beyond more straightforward outreach. However, there is 
much more potential for societal outreach if scientists are better trained 
and thus able to explain their research in a narrative way. This applies not 
only to research results, but also to research background, problem formu- 
lation and research processes. Yet, these opportunities need appropriate 
skills and require openness from scientists. 

The exposure of ideas and scientific assumptions to members of com- 
munities with unique knowledges, gaps, experiences and constructions 
of meaning is one innovation for science communication coming from citi- 
zen science. Here, innovation refers to the result of putting knowledge 
into a different frame and allowing it to be adopted, changed and filled 


Box 30.9. Tips and helpful practices for communicating citizen 
science 


1. Actively communicate your citizen science project outside 
the scientific community to increase visibility, raise awareness 
and stimulate participation. 

2. Establish a good relationship with the media and take advan- 
tage of media attention. 

3. Identify the aims of your communication, for example, 
motivate participation, inform about the project and pro- 
vide educational information. 

4. Identify what is relevant to people’s life in your citizen science 
project and link to it when communicating, for example, sto- 
ries to locality, issues of broader societal concern. 

5. Plan and manage your communication accordingly, for exam- 
ple, understand your partner’s needs, choose appropriate 
media and exchange information in adequate language. 

6. Use visualisations and storytelling where possible to achieve 
people’s understanding. 

7. Allocate attention, time and resources to communication in 
citizen science. 
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with new meanings. This can result in unexpected developments, which 
might no longer be under the control of scientists. Citizen science, as with 
all science, can be an adventure because the results are unknown, and sci- 
entists should be open to a project changing in unexpected ways. 

Communication in citizen science projects can also be challenging 
when there are different expectations, time frames or needs, which might 
not be explicit. Experience shows that focusing on the target audience and 
understanding and addressing their needs throughout the whole pro- 
cess can add to a project’s success — both in a scientific way as well as for 
researchers as ambassadors for science (Druschke & Seltzer 2012). Care- 
ful project management and communication are key components in citi- 
zen science projects. Citizen science therefore demands advanced 
communication skills to master these interactive and innovative processes 
(Treise & Weigold 2002). It requires adequate flexibility on the part of sci- 
entists as dialogue and interaction with citizens and/or the media might 
develop in unforeseen ways. 

At the same time, it offers the opportunity to contact other audi- 
ences, share knowledge, and create visions and emotional bonds; this is 
especially the case when communication is shaped as storytelling or 
other creative forms that are easy to grasp and to remember. Methods 
for external communication include newspapers, television and radio, 
social media and the internet, as well as classical forms of scientific 
knowledge dissemination such as journal articles and books. New tech- 
nologies and the proliferation of information availability are drivers for 
this paradigm of exchange and active knowledge (see also Mazumdar 
et al. in this volume). These technologies make it easy to generate large- 
scale impact and outreach with relatively little effort when required in 
citizen science, for example, for a nationwide monitoring project. 

To respond to the challenges of an open collaborative process, as 
well as maximise the effectiveness of projects, a concept of science com- 
munication is therefore integral to the practice of citizen science (see box 
9 for communication recommendations). 
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Citizen science advances open science by operating at the interface 
of science, society and policy. As a result, its influence is growing in soci- 
etal decision-making processes, including government policy. Citizen sci- 
ence has a long history and has recently entered a renaissance through 
expanded governance models, progressive education curricula, novel 
technologies and enhanced interest in open and participatory science. 
The chapters and extended case studies in this volume, contributed by 
authors from around the globe, provide new insight into the impacts, 
challenges, benefits and opportunities brought by citizen science. 

The collection has identified the following key themes in citizen sci- 
ence (see figure 31.1): 


1. Innovation in science, including methods, data and outcomes as 
well as advances in knowledge inclusivity and open science. 

2. Innovation with and for society, including different formats of par- 
ticipation and its outcomes, in-depth two-way learning, social 
inclusivity and innovative science communication. In addition, the 
consideration of social, cultural and educational values advance 
diversity, inclusion and transparency in science, locally and globally. 
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Fig. 31.1 Citizen science contribution to advances in science, policy 
and society 


3. Innovation and impact at the science-policy interface, including 
public policy agendas, processes and outcomes. Citizen science may 
lead to empowerment and capacity building in advancing joint 
policy development and implementation. 


Within these fields, citizen science provides: 


4. Innovation in technology and environmental monitoring, including 
digital and technology literacy, dissemination, use and infrastruc- 
ture promoting health and environmental well-being, ecosystem 
health and conservation. 

5. Innovation in science communication, education and higher education, 
as citizen science provides interactive learning environments. 

6. Fitness for purpose in organisational and institutional processes 
and standards, in connection to best practice. 
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Overall, citizen science can also contribute economic benefits for 
individuals and communities, as well as for science and policy, if through 
an enhanced evidence base and community engagement, environmental 
or social issues can be explored and subsequently addressed in policy and 
practice more effectively. 

This concluding chapter turns to each key arena in which citizen 
science operates, to show how innovation and links to science, policy and 
society are allowing citizen science to enhance its impact. Each section 
also presents recommendations for different stakeholders. Overarch- 
ing to this is the universal recommendation to apply the Ten Principles 
of Citizen Science developed by European Citizen Science Association 
(ECSA) members, the application of which will enhance science, policy 
and society by promoting best practice (see Robinson et al. in this volume). 
The application of traditional and innovative technology also enables citi- 
zen science in all its facets — from contributory to co-created formats — to 
reach its potential. As the chapters in this volume demonstrate, many of 
these principles are already supported through implementation, provid- 
ing further evidence of best practice which can be drawn on in other 
contexts. 


Innovation in science 


Citizen science contributes to innovation in science itself, and indeed a 
genuine science outcome is a main principle of citizen science projects 
(Robinson et al. in this volume). For example, Shirk and Bonney (in this 
volume) demonstrate that citizen science is not only a distinct field of 
research, but also that it can make unique, novel and innovative contri- 
butions to scientific understanding. In addition, citizen science tends to 
provide a transdisciplinary paradigm, moving beyond segregated research 
disciplines towards matters of societal relevance across different fields 
(e.g., Parker & Owen; Ceccaroni & Piera, both in this volume). At the same 
time, it is independent on the subject and can address both basic and 
applied research. Basic knowledge or curiosity-driven endeavours such as 
citizen science investigations in astronomy or art are seen as equally 
relevant as more applied environmental studies in accordance with indi- 
vidual interests. 

As citizen science projects can be designed to involve many volun- 
teer contributors in large collaborative projects, such projects have the 
possibility to pursue research that could not be done otherwise. Examples 
of this come particularly from environmental projects, which cover a wide 
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variety of topics, including the increasing threat of light pollution (Schroer 
et al. in this volume); air pollution (Volten et al. in this volume); the dis- 
tribution of invasive mosquitoes (Palmer et al. in this volume); and, the 
characteristics of soundscapes (Li in this volume). Such projects combine 
scientific advancement while fulfilling practical monitoring needs in sup- 
port of government agencies (Parker & Owen in this volume). 

To analyse environmental changes worldwide, global citizen science 
project collaborations are required. Many such examples are related to the 
environmental and life sciences, in Europe (Hecker et al. ‘European Citizen 
Science’ in this volume) and in general (Kullenberg & Kasperowski 2016). 
Volunteers are often highly motivated to contribute to environmental 
measurements, when they are complementary to existing measurement 
networks, in order to contribute new, impactful findings and because of 
their high spatio-temporal resolution (Volten et al. in this volume). How- 
ever, to enhance scientific advances from citizen science, there is an urgent 
need to properly archive data (Brenton et al. in this volume), to make data- 
bases interoperable with other systems and to assimilate data in models 
for analysis (Volten et al. in this volume). 

In opening science to stakeholder communities, it is equally impor- 
tant to include indigenous and local knowledge (ILK, see, for example, 
Alessa et al. 2016; Mistry & Berardi 2016) as an added benefit to science, 
for example, in framing questions, designing projects, analysing results 
and understanding their possible impacts upon decision-making pro- 
cesses. Danielsen et al. (in this volume) demonstrate that both ILK and 
institutionally derived scientific understanding can be valuable in conser- 
vation planning activities. This knowledge inclusivity can bring specific 
expertise to citizen science projects and embed the results in the commu- 
nity affected. 

Despite its potential, critics may question citizen science data. How- 
ever, it is important to recognise, first, that citizen science participants 
are often experts in their respective fields, and sometimes have no paral- 
lel in academia, for example, for some animal or plant groups or some 
fields of history or cultural heritage. Indeed, estimates suggest that 80 to 
90 per cent of baseline species data for biodiversity and ecosystem research 
and policy development in Europe is based on volunteer effort. In other 
words, citizen science often provides invaluable knowledge that cannot 
otherwise be ascertained, and it is questionable whether efforts from 
academic institutions would achieve other results. 

Secondly, all data of known quality has value. Data with uncertain 
quality or non-conforming data can also be remediated or augmented 
with information from additional sources. It is therefore critical to contex- 
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tualise data with metadata that describes the purpose and methods 
with which a dataset has been created (Williams et al. in this volume). 
When the results of a citizen science project are published, proper docu- 
mentation helps readers to understand and evaluate the validity of the 
research findings (Brenton et al. in this volume). Documentation also 
enables other potential data users to evaluate fitness for reuse in other sci- 
entific research, and to understand how different data can inform man- 
agement or other forms of decision-making. Many data collection activities 
could be standardised using protocols that encourage high quality and 
well documented citizen science contributions. 

There is therefore a need to develop transparent mechanisms to pro- 
duce high-quality data, including through the use of data standards, as 
discussed by Williams et al. (in this volume). Data quality should also be 
supported through the calibration and validation of low-cost sensors 
where possible (Volten et al.; Schroer et al., both in this volume). As Bren- 
ton et al. (in this volume) discuss, data generated by citizen science pro- 
jects will have the greatest impact in both science and policy development 
when they can be supplied in a timely and accessible manner, and conform 
as much as possible to existing data and process standards. Here, the Atlas 
of Living Australia (ALA) and its global ‘ALA family’ (developed from adap- 
tation of the ALA information technology [IT] infrastructure, knowledge 
and tools) is helping to provide a reliable infrastructure to enhance the sci- 
entific standards, visibility and application of citizen science project data. 

Knowledge production through science and citizen science occurs 
within a particular social context. Here, the social sciences and humani- 
ties are critical to promoting ways of understanding and reflecting on 
citizen science (Mahr et al. in this volume). This includes evaluating the 
outcomes of projects and activities and reflecting on best practice while 
progressing the field (see also Kieslinger et al. in this volume). Social sci- 
ence-citizen science interactions can also inform the mechanisms for 
promoting sound decision-making through public policy. Here, transpar- 
ency and representation are key components for legitimating public policy 
processes and their outcomes. To foster citizen science in academia, 
Wyler and Haklay (in this volume) call for university support to engage 
scientists and identify projects that fit university teaching or research 
needs. While citizen science can provide inspiration and innovation to 
science, this is not yet widely recognised and scientists engaging in 
citizen science are not always acknowledged for this. As such, there is 
a parallel need to support researchers both by valuing their work and by 
providing guidance and tools for those launching citizen science projects 
(Wyler & Haklay in this volume). 
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Recommendations for enhancing impact in science 


a9 


e Researchers, practitioners and their institutions should 
recognise citizen science as an innovation tool for sci- 
ence, and demonstrate and share success. Knowledge 
inclusivity should also be valued as an asset in research 


design and analysis. 

e Researchers, practitioners and their institutions should improve mech- 
anisms for validating data from citizen science, and provide good 
interoperable infrastructures for archiving and analysing data. 

e Researchers, practitioners and their institutions should develop and 
employ specific training and resources to conduct meaningful citi- 
zen science to achieve scientifically useful results. A good scientific 
study design and easy-to-use technical aids can facilitate and 
enhance standardised measurements and thereby foster the impact 
of citizen science projects in science and society. 


e Educators in formal and informal education settings, A 
such as schools, universities or museums should Va 
develop pilot citizen science for impact programmes, 
perhaps initially within their immediate communi- 
ties, to train and engage potential and existing citi- 
zen scientists, their institutions and community groups. 


Innovation with and for society 


At the nexus of society, science and policy, a paradigm change is taking 
place, moving from a one-way transfer of information to a two-way 
exchange between stakeholders, including researchers and the public 
(Haklay; Hecker et al. ‘Stories’, both in this volume). Multiple informa- 
tion flows call for innovative interfaces between science, society and 
policy actors. Building capacity for citizen science is a prerequisite for 
supporting various forms of citizen science where different actors with 
various expectations and needs meet for collaboration. 

The process of capacity building involves five main steps as dis- 
cussed by Richter et al. (in this volume): (1) identifying and engaging 
different actors; (2) assessing capacities and needs for citizen science 
in the setting under focus; (3) developing a vision, missions and action 
plans; (4) developing resources such as websites and guidance; and (5) 
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implementing and evaluating citizen science programmes. Capacity 
building is an iterative and adaptive process that requires sound engage- 
ment of all involved actors from society, science and policy (Richter 
et al. in this volume). As the field of citizen science grows, evaluation 
tools and criteria are needed to assess progress against the Ten Princi- 
ples and to determine and secure impacts across society, science and 
policy — particularly at their interfaces. Kieslinger et al. (in this volume) 
suggest a framework for evaluation that allows project leaders and 
funders to assess projects proposed for funding and evaluate success 
after completion. This will also allow for reflexive adaptive project man- 
agement during the course of a project. This framework, along with the 
Ten Principles themselves, is open to continuous development by the 
community to foster advances in citizen science. 

The citizen science community has also moved on to distinguish 
between different forms of participation (Shirk et al. 2012) from ‘contrib- 
utory’ to ‘collaborative’ and ‘co-created’ citizen science models. Haklay 
(in this volume) argues that there should be no assumption that greater 
participation is at all times required from or desired by participants. Build- 
ing on Shirk et al. (2012), Ballard et al. (in this volume) show that no 
model is inherently better, but that different scientific and policy questions 
may suit different forms of participation. For example, contributory pro- 
jects have great potential to generate large spatial and temporal-scale 
datasets tapping into widely dispersed (inter)national citizen science com- 
munities, such as large-scale environmental monitoring and observation 
projects. In this way, they can contribute to policy inputs indirectly via 
research. At the other end of the spectrum, collaborative and co-created 
projects allow for more intensive involvement of participants in local 
policy issues (Ballard et al. in this volume) and may support knowledge 
gains (Shirk et al. 2012). They can thereby facilitate in-depth civic par- 
ticipation that may contribute to more direct management advice and 
policy change, and more indirectly support education and capacity build- 
ing in research. It is therefore more a question of appropriate fit that 
determines the choice of participation type. On this point, best practice 
should continue to be demonstrated, including using failures as learning 
experiences. 

Observations of volunteers demonstrate that they have a range of 
motivations and reasons to be involved in citizen science, including both 
intrinsic and extrinsic motivations (Eveleigh et al. 2014; Geoghegan 
et al. 2016; Rotman et al. 2012). Motivations are important to the design 
of successful projects and generally vary from one project to another. For 
example, some participants may be highly motivated to contribute to air 
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quality measurements that are complementary to existing measurement 
networks because of their high spatio-temporal resolution. They want to 
contribute to scientific research because of a special interest, for exam- 
ple, in aerosols and their impact on health and the environment (Volten 
et al. in this volume). They might also be motivated because they want to 
learn about their environment as a group, benefiting from group dynam- 
ics as well as individual learning and teaching concepts (Peltola et al. in 
this volume). At the same time, some motivations are common, such as 
personal enjoyment, interest, a stake in a topic of research, and/or com- 
munity membership or socialisation through participation. 

In addition to encompassing the diverse motivations of participants 
and responding to them, citizen science has the potential to allow for the 
broad diffusion of societal benefits. While citizen science does enhance 
participation beyond the usual actors, full inclusiveness is not an auto- 
matic outcome of citizen science, or one that is easily achieved. As 
Ceccaroni and Piera (in this volume) show, stakeholder mapping is one 
process that can help citizen science projects identify and engage inter- 
ested parties. The degree of inclusiveness varies according to the tech- 
niques for involving citizens. Peltola et al. (in this volume) discuss how 
affective techniques like games for better recollection or visual stimula- 
tions and training material for species identification are crucial in involv- 
ing less-experienced and less-privileged participants. As Novak et al. (in 
this volume) discuss, innovation in citizen science also increasingly builds 
on the use of digital technologies such as social networks, as well as open 
source hardware and software. These tools provide a means to empower 
participants in citizen science from various backgrounds and different 
expertise levels, regardless of their formal education, to get involved in 
the scientific research process. 

This can help to harness opportunities for citizen science globally. 
While this volume aimed to include citizen science case studies from across 
the continents, including Africa and China (Danielsen et al.; Novak et al.; 
Li, all in this volume), the current distribution of citizen science projects 
reported in the literature is still skewed. Further expansion of citizen sci- 
ence to the global South has the potential to advance the local evidence 
base, including through the participation of illiterate volunteers (Stevens 
et al. 2014), contribute to closing spatial gaps in international environ- 
mental data (Amano, Lamming & Sutherland 2016; Chandler et al. 2017) 
and help at a very pertinent science-policy interface, for example, when 
responding to crises and contributing to early warning systems (Alessa 
et al. 2016; Cochran et al. 2009). 
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Recommendations for enhancing impact 
with and for society 


e Policymakers should enable capacity building at the © 
local, regional, national and international scale to ee 
move from knowledge transfer to knowledge exchange 5 
and joint knowledge creation at the science-society 
interface. Demonstrable citizen sciences outcomes and impacts for 
society should be rewarded with financial and other incentives that 
are proportionate to the benefits gained. 


e Researchers, practitioners and their institutions should A 
acknowledge participants as partners in the research Ọ 
process, respecting and considering their motivations, 
skills, abilities, values, expectations and knowledge. 

e Researchers, practitioners and their institutions should 
consider that more participation is not necessarily better, as some 
volunteers prefer a limited level of engagement. In designing pro- 
jects, they should also account for participant motivations that 
might change over time. Projects should therefore avoid simplistic 
framings and black-and-white approaches. 

e Researchers, practitioners and their institutions should develop typol- 
ogies for conducting citizen science projects according to their 
functionality, intended outcomes and impacts, as this could help 
optimise such projects. 


e Educators and their institutions should familiarise 
themselves with the benefits and methods of citi- 
zen science as the basis for promoting education 
and training that mobilises students and trainees 
to be active in citizen science for science, policy 
and society. 


e Community members should articulate and select lev- 
els of participation carefully, with awareness of how 
differences in education and participation levels 
shape projects, especially their direction and goals. 
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Innovation at the science-policy interface 


Policy and regulation should be underpinned by sound science. However, 
the science (including citizen science) and policy communities do not have 
established ways of communicating with one another. This is a missed 
opportunity because at least some forms of scientific discovery and inno- 
vation require and therefore drive policy formation. Examples include 
stem cell research, cloning, biomedicine and other forms of genetic engi- 
neering. Other scientific endeavours are of foundational importance to 
policy formation. What would environmental policy formation look like 
without the underpinnings of environmental science? 

Further to these points, there are critical junctures in the policy cycle 
where science can exercise fundamental information gathering, analysis 
and further supporting roles. Examples of these policy windows of oppor- 
tunity include the following: 


e Issue agenda-setting for policy development. 

e Data and other evidence gathering as the basis for policy option for- 
mation and analysis. 

e Consultation processes around option analysis and selection. 

e Policy selection and related decision-making processes. 

e Policy monitoring, evaluation and renewal. 


Many chapters in this volume provide evidence for the increasing 
acceptance of citizen science within policy-making and implementation. 
One clear statement is by Nascimento et al. (in this volume), who acknowl- 
edge citizen science’s potential to significantly impact local and national 
decision-making, empowering citizens and leading to a better and more 
transparent government. As noted by Parker and Owen (in this volume), 
Environmental Protection Agencies (EPAs) in Europe and the United 
States provide an example for this adoption. The EPAs have protection of 
the environment as their primary responsibility, as well as encouraging 
wise use of resources, protecting public health and enabling sustainable 
development. There is potential for citizen science activities to contribute 
to each of their activity areas. For EPAs, citizen science has an increasingly 
important role in providing evidence, raising environmental awareness 
and empowering the public. Citizen science has the potential to transform 
environmental protection by inviting the public to work with agencies 
to generate knowledge and find solutions to societal environmental chal- 
lenges at any scale. Environmental protection agencies are increasingly 
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turning to citizen science to assist in the achievement of environmental 
protection, and as Parker and Owen and Volten et al. (both in this volume) 
show, EPAs can both support and benefit from citizen science, for example 
with small sensor networks for monitoring environmental and related 
health indicators. As Smallman (in this volume) discusses, citizen science 
can foster advances in Responsible Research and Innovation (RRI), and 
the engagement of citizens can lead to concrete outcomes for conservation 
(Ballard et al.; Danielsen et al., both in this volume). 

The organisational inertia and existing structures at the science- 
policy interface may need to change to facilitate contributions from citi- 
zen science. Concrete action is needed to achieve this, such as expanding 
the integration of citizen science data in policy monitoring and report- 
ing, addressing organisational practices through co-ordination efforts 
across organisations, promoting legitimacy through support for pilots 
and experimentation, and establishing and supporting communities of 
practice (Nascimento et al. in this volume). The framing of, and links to, 
current political priorities also need to be identified to support active 
engagement with citizen science. This is all part of developing citizen 
engagement and empowerment in decision-making as addressed by both 
Parker et al. and Nascimento et al. (both in this volume). Examples of 
capacity-building activities are provided by Richter et al., with cases at 
the European and national scales that have led to the development of a 
Socientize White Paper on Citizen Science for Europe and the Greenpaper 
Citizen Science Strategy 2020 for Germany (Richter et al. in this volume). 

The legal limitations and constraints of each political system also 
need to be considered when it comes to the integration of citizen science 
activities — a good demonstration of this is provided by Nascimento et al. 
(in this volume) with the US case of complying with the Paperwork Reduc- 
tion Act. 

The question of data quality, discussed above, is particularly impor- 
tant in the policy context. Data quality has many dimensions, including 
data reliability (i.e., whether data are complete and error free). All aspects 
of data quality are particularly important to consider when seeking align- 
ment with environmental regulatory standards and monitoring require- 
ments (Williams et al. in this volume). Some policymakers have advocated 
for a fitness-for-use approach, where key aspects like data quality, scale, 
cost, interoperability and data format must be taken into account when 
evaluating the value of citizen science for a particular policy question 
(Holdren 2015). Fitness-for-use encompasses data quality and also rec- 
ognises that data must fit within existing indicators and government 
frameworks for decision-making. Naturally, a fitness-for-use test may not 
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be required in circumstances where regulatory and policy frameworks are 
designed with the open data gathering, quality and formatting protocols 
that also accommodate non-government agency participation in these 
processes. 


Recommendations for enhancing impact 
at the science-policy interface 


e Policymakers should welcome and support participa- © 
tion from the citizen science community. ae 

e Policymakers should jointly with practitioners, edu- as 
cators and researchers develop Green and White 
Papers with action plans to harness the potential of citizen science 
for innovation and participation in policy. The US Citizen Science & 
Crowdsourcing Act is a good example, and developments at 
national, international and agency level in Europe and elsewhere 
should progress to government implementation. 

e Policymakers should learn from existing activities in EPAs and pro- 
mote further uptake of citizen science by EPAs and other bodies. 

e Policymakers should standardise open data management and other 
methodologies to facilitate citizen science participation in policy 
implementation, monitoring and renewal. 


e Researchers, practitioners and their institutions should, * 
where data protocols do not require inordinately high oO 
cost equipment or highly advanced technical knowl- 
edge, employ open data management processes as the 
norm rather than the exception. 


e Funders should provide adequate funding to support 
citizen science. Funding needs to be available in a vari- 
ety of formats to respond to the variety of citizen sci- 
ence activities and foster innovation. Consideration of 


long-term strategies is vital to embed citizen science in society, pol- 
icy and practice. 

e Funders should apply these recommendations at multiple spatial and 
temporal scales reflecting the range of jurisdictions (community, 
local government, sub-national, national, regional and interna- 
tional) at which citizen science makes a contribution to science, 
policy and society. 
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Innovation in technology and 
environmental monitoring 


Recent and continuous improvements of information and communication 
technologies (ICT) offer new opportunities for social interactions that 
have changed communication patterns and networked people around the 
world (Novak et al. in this volume). In citizen science, ICT can broaden 
the opportunities for participation to new audiences and support collab- 
orative, real-time data collection and dissemination (Newman et al. 2012). 
To realise this potential citizen science needs reliable, trusted, and high- 
quality technologies and infrastructures that are open, transparent and 
inclusive (Brenton et al. in this volume). 

Technologies and infrastructures serve different needs. Project 
databases such as SciStarter and the Federal Catalog of Crowdsourcing 
and Citizen Science help volunteers find projects to contribute to (Mazum- 
dar et al. in this volume). Some databases, like CitSci.org and Zooniverse, 
also support participation by facilitating observational data collection 
and management or analysis. Projects increasingly use social media such 
as Twitter, Facebook and Instagram to recruit and communicate with 
their volunteers. In addition to general-purpose social media websites, 
collective intelligence platforms for collaborative problem-solving can 
also help mobilise and connect people who have already demonstrated 
the desire to collaboratively address social problems (Mahr et al. in this 
volume). 

Hardware, including sensors, smart devices or wearables, for exam- 
ple, smart watches, and drones can support data collection (Li; Ceccaroni 
& Piera; Mazumdar et al.; Volten et al.; Schroer et al., all in this volume). 
Data analysis is aided by platforms like Google Maps and toolkits, such as 
Mapbox, which allow for different types of data integration. Some tech- 
nologies, like games or gamified applications, help improve the volunteer 
experience. Others, like open data portals and repositories, make it easier 
for researchers to find and work with citizen science data. While many 
pre-existing toolkits and platforms exist, innovations in hardware and soft- 
ware are also developed by hackers, makers, and DIY-citizen scientists 
working alone or together on spaces such as makerspaces or Fab Labs 
(Gold & Ochu; Mazumdar et al., both in this volume). 

Tools and technologies must be carefully selected for a particular 
use. Brenton et al. (in this volume) argue that it is important to wisely 
consider the compliance of tools with applicable process and data stand- 
ards, as well as their ability to connect with the information supply chain, 
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for example, to established processes in science or government agen- 
cies. Open hardware and software communities such as Public Labs 
often democratise the research process by empowering communities to 
conduct their own investigations into issues of concern. In line with this 
goal, Public Labs is devoted to designing and producing low-cost, open 
source hardware that can be made available to as many people as possi- 
ble. Other citizen science projects may have different goals, such as 
supporting reporting needs of authorities in relation to national and 
international targets or advancing scientific research. Achieving these 
goals often requires harvesting data collected in one context for use in 
another. In such cases, the importance of technologies like data stand- 
ards, which promote interoperability and access to all data, may be more 
important, for example, than lowering barriers to participation through a 
low-cost technology, that produces data that does, however, not align 
with particular regulatory requirements. In all cases, good metadata 
documentation is required to help users understand the value of a citizen 
science tool, technology or dataset, and help other potential users assess 
fitness for purpose (Brenton et al.; Williams et al., both in this volume). 
Documentation of a project’s results also ensures sustainability by allow- 
ing research activities to have impact even after a project formally ends. 

There are therefore numerous challenges to developing citizen 
science technologies. Mahr et al. (in this volume) suggest that more work, 
potentially by Science and Technology Studies researchers, should be 
pursued to understand gaps in hardware and software as well as the 
motivations of communities like maker and hacker groups. Additional 
efforts to develop citizen science data and metadata standards are also 
required to expand early efforts from organisations like the Open Geo- 
spatial Consortium (OGC). The concept of fitness for purpose remains 
elusive. Helpful policy guidance could specify the technological require- 
ments, in terms of hardware or particular data standards, that are required 
for citizen science activities to achieve impact in a range of research, policy- 
making and management contexts. 


Recommendations for enhancing impact through 
harnessing advances in technology 


e Researchers, practitioners and their institutions should & 
employ technologies such as games or gamified appli- 
cations to help improve the volunteer experience, and 


carefully prepare the scientific and technological design 
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so that data standards can be met without impacting unduly on 
participant enjoyment. 

e Researchers, practitioners and their institutions should aim to provide 
reliable information technology infrastructure and document meta- 
data, so that citizen science data can be used in other contexts. Not- 
ing the new pressure to demonstrate relevance to their local 
communities, major universities should draw upon science, innova- 
tion, community and NGO actors to promote citizen science train- 
ing and projects that benefit the local community. Innovation 
incubators and hack spaces aimed at community challenges are rel- 
evant in this regard, and also assist in building the community lit- 
eracy of academic staff and students. 

e Community members should develop and promote 
citizen science data and metadata standards, and 
choose technology tools wisely so that they align 
with regulatory requirements to optimise impact. 
This is especially relevant in environmental monitoring. 


Innovation in science communication, education 
and higher education 


Several chapters in this volume demonstrate the importance of citizen 
science in science communication and education — both formal and 
informal — and the way in which it increases scientific literacy and sci- 
ence capital (Edwards et al. in this volume). Collaborations between 
scientists and the media can benefit both partners, where scientists gain 
from an influx of participants to support research activities, and media 
channels find new stories to report. In addition, the use of the media 
improves the chances of scientific expertise and knowledge becoming 
effective in policy-making (Hecker et al. ‘Stories’ in this volume), offering 
the opportunity to disseminate knowledge about citizen science’s impact 
and benefits. 

It is clear that the benefits of citizen science can accrue throughout 
the education process. For example, as Makuch and Aczel (in this volume) 
demonstrate, children can both learn from and contribute to an evolving 
body of environmental knowledge and scientific enquiry in a meaningful 
way. This can make their learning more engaging as Harlin et al. (in this 
volume) point out. Makuch and Aczel (in this volume) emphasise that 
activities that take place outdoors, with direct access to the environ- 
ment and the natural world, particularly enable children to develop 
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environmental awareness and responsibility. In addition to the benefits 
to the children, their teachers gain from opportunities for professional 
development. To facilitate the inclusion of citizen science in the curricu- 
lum, teachers will need support and guidance in finding projects that suit 
their immediate classroom needs as discussed by Harlin et al. (in this 
volume). This can be achieved through curriculum development where 
teachers’ unions can play an important leadership role alongside govern- 
ment. For universities, Wyler and Haklay (in this volume) recommend 
that specialist support is provided to researchers so they can maximise 
the benefits from citizen science in an ethical and a productive way. They 
point out that, just as in schools, citizen science provides opportunities to 
enrich the university curriculum and to enhance the ability of scientists, 
at an early career stage, to learn both how to build citizen science pro- 
jects and how to engage the wider public. 

More generally, across formal and informal education, there is a 
growing need for project designers to be aware of volunteers’ background, 
education levels, and depth of engagement and learning (Edwards et al.; 
Haklay, both in this volume). Recognition is therefore required of both par- 
ticipants as individuals, including their diverging learning abilities and 
skills, and of the collective dynamics of learning. Peltola et al. (in this 
volume) point out that there is much potential in developing successful 
techniques that can broaden the role of participants by examining their 
particular concerns and supporting ownership of the learning process. 


Recommendations for enhancing impact in science 
communication, education and higher education 


e Policymakers should promote citizen science partici- 
pation as a fundamental component of the education 


curriculum for schools, if not also as a fundamental E o 
component of good citizenship. 
cessful projects in both formal and informal education. 

e Researchers, practitioners and their institutions should 
help build and promote collaborations between scientists, the media 


and other societal stakeholders to promote participation in the 
design and delivery of citizen science projects for impact. 


e Researchers, practitioners and their institutions should rN 
recognise volunteers’ background, education levels, 
and depth of engagement and learning to develop suc- 
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e Educators should develop supporting guidance for A 
educators working at schools and universities and Ly] 
embed citizen science projects in curriculum activ- 
ities to fully harness the benefit of citizen science in 
learning. 


Innovation in organisational and institutional aspects 
and development of good practice 


The authors of this volume have demonstrated the need to pay attention 
to organisational and institutional aspects that influence the implemen- 
tation of citizen science projects. In particular, lessons can be learned from 
the efforts of supporting institutions including EPAs, and science or natu- 
ral history museums. Here, innovations in technology and organisational 
practices are enabling a citizen-agency dialogue based on good data and 
feedback on the use of the evidence that the public provides (Parker et al. 
in this volume). A good example is provided by the US Federal Commu- 
nity of Practice for Crowdsourcing and Citizen Science (CCS), which 
played a large role in ensuring acceptance from federal authorities as dis- 
cussed by Nascimento et al. (in this volume). Similarly, Sforzi et al. (in this 
volume) demonstrate the organisational transition in natural history 
museums. Museums play an increasing role at the interface between sci- 
ence and different publics, and in the promotion of citizen science. They 
are well-placed to support the key challenge of recording life in the natu- 
ral world by actively engaging the public, since they are seen as trust- 
worthy, visible portals to scientific research and information. Museums’ 
large numbers of visitors thereby offer a powerful route to engaging the 
general public and by supporting citizen science they can boost the 
potential for meaningful participatory environmental research as a new 
source of public engagement. For museums, there is therefore a clear 
alignment between their social role and remit, and citizen science. Other 
organisations can learn from their experience and build on it to adapt 
their activities to also include citizen science. 

As Brenton et al. (in this volume) point out, there is a growing com- 
munity of people who share technical and organisational experience and 
tools, and who are working towards interoperability between citizen sci- 
ence projects and the data that they produce. Such a network of people 
and expertise can ensure the resilience of the system, as a whole, through 
the increased use of citizen science in different parts of government and 
research agencies. It is important for all projects to employ a combination 
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of (digital) tools and to harness the benefits of different engagement 
opportunities using available technologies (e.g., Brenton et al.; Mazum- 
dar et al., both in this volume), as well as to include structured events and 
activities, to promote active communication and to diversify participation. 
Gold and Ochu (in this volume) describe how ThinkCamps can create new 
spaces for sharing knowledge and foster an online and offline community. 
Overall, the success of communication in citizen science projects has impli- 
cations for motivating and retaining participants and exchanging infor- 
mation, thus ensuring the main aim of most projects to collaboratively 
create knowledge (Hecker et al. ‘Stories’ in this volume). 


Recommendations for enhancing impact through 
promoting good practice 


e Policymakers should adopt citizen science charters 
for advancing their institutional missions, particu- 
larly where they cater to public interests and have an 
implicit responsibility to advance them through par- 
ticipation and policy implementation. 


e Researchers and practitioners should assess and share 
case studies including unsuccessful projects and activi- 
ties, so others can learn from them. 


e All community members should share good 
practices, especially between diverse projects, 
communities and geographies, and continue 
to promote learning within the citizen science 
community. Good practice should be evaluated 
against the Ten Principles of Citizen Science 
and continue to evolve these. 

e Allcommunity members should collect, document and share capaci- 
ties, tools and other resources. Here, the citizen science associations 
(e.g., the Australian Citizen Science Association [ACSA], the Citizen 
Science Association [CSA] and the European Citizen Science Asso- 
ciation [ECSA]) can help, and active participation by all can foster 
joint advances. 


482 CITIZEN SCIENCE 


Outlook 


The field of citizen science is growing and having an increasing impact on 
science, society and policy. In the face of significant challenges in relation 
to environmental, economic, demographic and socio-political change, 
these opportunities for participation in science should be harnessed and 
fostered to enhance knowledge generation and evidence provision. This 
can in turn support societal goals, including progressive policy delivery 
by civil institutions. 

Citizen science can contribute to the scientific literacy, knowledge 
and societal advancement that is needed to support societies at a time 
where evidence-based policy-making, sound scientific expertise and cer- 
tain foundational truths about democracy cannot be taken for granted in 
even the most privileged societies. Engagement in citizen science can 
provide in-depth learning opportunities through learning by doing (Bela 
et al. 2016) and promote the public’s ability to understand and deal with 
variability and uncertainties in complex issues without the need to jump 
to easy conclusions. 

Participation at a range of levels and jurisdictional scales can foster 
empowerment as an enlightened, effective citizen. Citizen science offers 
opportunities to contribute evidence to better management of the envi- 
ronment, and to engage in developing policies. Building on current case 
studies in citizen science, viewpoints can be broadened and experience, 
tools and efforts shared to address both local and global policy challenges. 

More research can help the local and global citizen science commu- 
nity understand and expand upon these benefits. The Ten Principles of 
Citizen Science need to be tested in practice and evaluation criteria con- 
tinuously developed and applied. Further understanding of the motiva- 
tions and drivers for participation in citizen science can help to better 
design projects. This can be supported through programmes that include 
the provision of training, information technology infrastructure, reliable 
and user-friendly small sensors, timely visualisation and inspiring com- 
munication of data, as well as complying with data standards and being 
underpinned by appropriate levels of funding. 

Citizen science thrives through bottom-up development and par- 
ticipation, and these characteristics should be supported and further legit- 
imated by the powerful stakeholders that feature in the policy and 
regulatory life of societies the world over. One of the most significant 
impacts of citizen science in science, society and policy will be achieved 
when data collected to solve a local problem can also feed into ongoing 
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downstream environmental, social and sustainable economic uses and 
benefits. Here, development is needed to combine the individuality of citi- 
zen science initiatives with robust scientific practices, to foster both social 
transformation and scientific achievements in citizen science. 

Perhaps, above all, citizen science communities and formal institu- 
tions need to further develop and disseminate a participatory ethic — 
embedded throughout society — that pursues the relevance and impact of 
scientific citizenship as a key component of self-realisation in the con- 
temporary world. In closing this volume, you are invited and encouraged 
to be part of this journey. 
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Citizen science, the active participation of the public in scientific research projects, is a 
rapidly expanding field in open science and open innovation. It provides an integrated 
model of public knowledge production and engagement with science. As a growing 
worldwide phenomenon, it is invigorated by evolving new technologies that connect 
people easily and effectively with the scientific community. Catalysed by citizens’ wishes 
to be actively involved in scientific processes, as a result of recent societal trends, it also 
offers contributions to the rise in tertiary education. In addition, citizen science provides a 


valuable tool for citizens to play a more active role in sustainable development. 


This book identifies and explains the role of citizen science within innovation in science 
and society, and as a vibrant and productive science-policy interface. The scope of this 
volume is global, geared towards identifying solutions and lessons to be applied across 
science, practice and policy. The chapters consider the role of citizen science in the context 
of the wider agenda of open science and open innovation, and discuss progress towards 


responsible research and innovation, two of the most critical aspects of science today. 


Susanne Hecker is Research Associate at the Helmholtz Centre for Environmental Research — 
UFZ and the German Centre for Integrative Biodiversity Research (iDiv) Halle-Jena-Leipzig. 


Muki Haklay is Professor of Geographic Information Science at the Department of 
Geography, UCL. 


Anne Bowser is Director for Innovation at the Woodrow Wilson International Center for Scholars, 
Washington, DC. 


Zen Makuch is Director of Sustainable Transitions, Centre for Environmental Policy, Imperial 
College London. 


Johannes Vogel is the Director General, Museum fiir Naturkunde, Leibniz Institute for 
Evolution and Biodiversity Science, and Professor for Biodiversity and Public Science at the 
Humboldt University, Berlin. 


Aletta Bonn is Professor of Ecosystem Services at the Friedrich Schiller University of Jena and 
Head of Department at the Helmholtz Centre for Environmental Research — UFZ within the 
German Centre for Integrative Biodiversity Research (iDiv) Halle-Jena-Leipzig. 


ISBN 9478-1-78735-235-3 


Cover image: 


90000 
*UCLPRESS © DESKCUBE / iStock | | 
Fr 9 "781787'352353 


ee open access versions available from Cover design: 
www.ucl.ac.uk/ucl-press www.ironicitalics.com 


